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TRANSLATOR'S PREFACE 

Tms short history is intended to supply students 
of chemistry with an outline of the general develop- 
ment of the science. After taking this wide survey 
of the field the reader will be in a position to profit 
by the study of individual researches as recorded in 
the original papers. In the later portion of the 
book references have been given to several classical 
papers which should be consulted. In connexion 
with the work of earlier periods, the Alembic Glvb 
Reprints may be mentioned as supplying in a con- 
venient form reprints and translations of important 
papers on the theory of combustion, the elementary 
nature of chlorine, and other prominent streitfrcye 
of former generations which are not readily acces- 
sible. These may be supplemented by Ostwald's 
KlctaaikeTy which are a series of reprints of similar, 
character. 

R. V. S. 

May 28, 1907. 
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HISTORY OF CHEMISTRY 



PART I 

INTRODUCTION 

Although nowadays we understand by chemistry 
the study of inorganic and organic substances, of 
their transformation products, and of the laws 
according to which these are formed, we should by 
no means fall into the belief that this has always 
been the underlying principle of chemistry. On 
the contrciry, chemical science had a lengthy path 
to traverse before it won its way to this position. 
We find that chemistry has foUowed various guiding 
principles at different periods, and that these have 
determined the direction of chemical work for tens 
or hundreds of years at a time. On this accoimt 
there have arisen in the historical development of 
chemistry definite periods completely dominated by 
some one leading idea. 

In ancient times we may notice (apart from the 
philosophical speculations of Aristotle and his 
disciples) an empirical treatment of chemical 
processes, in which the endeavour to make economic 
use of them takes a prominent place. The suc- 

1 



2 BISTORY OP CHEmSTRY [paeti. 

ceeding period, from the fourth to the sixteentlh 
centuries after Christ, is completely ruled by that 
notion of the transmutation of the metals which waft 
the mainspring of alchemistic effort. Although this 
idea has been running in the heads of chemists even 
up to our own time, its hold upon their minds was 
loosened in the seventeenth century by the en- 
deavour to place chemistry in the service of 
medicine. 

With the eighteenth century there began a further 
change, through which chemistry developed itself 
from the position of a subordinate science to its 
present independence. It was, above all, with the 
significance of the process of combustion that the 
chemists of that time were deeply occupied, and its 
correct explanation by the Frenchman Lavoisier 
gave to the next period — ^which includes the end of 
the eighteenth and the beginning of the nineteenth 
century — ^its distinctive mark. In the year 1828 a 
new course was indicated by Wohler, professor of 
chemistry at Gottingen, for he was the first to pre- 
pare synthetically the substance urea, a product of 
the animal body. Then followed, one after another, 
discoveries and syntheses of organic compounds, 
which were required to furnish the material for the 
theoretical developments. The sjnathesis in the 
year 1856 of an artificial dyestuff formed the founda- 
tion of the organic dyestuS industry, which has novf 
reached so great a development ; and with the help 
of this, general chemical industry, in common with 
the preparation of artificial drugs and the necessary 
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raw materials, has been worked up into an econo- 
mic factor of the first importance. In theoretical 
chemistry a useful form of the molecular and atomic 
theory was obtained towards the middle of the 
century, and the year 1886 brought a new change 
with the introduction of the dissociation theory of 
Arrhenius. All inorganic reactions were regarded 
as ' ioiiic ' reactions, and by the aid of the law of 
mass action, which is so important in the study of 
the progress of reactions, we have reached the present 
standpoint of chemistry — to seek the laws according 
to which chemical reactions occur. This has given 
new life to the doctrine of chemical aflSnity already 
indicated by Gteoffroy, which in this new form, 
founded on the principle of the conservation of 
energy and mathematically developed, is exerting 
itself exactly to describe chemical processes. In all 
cases now the chemist no longer asks merely what 
is formed in a reaction, but his inquiry goes further : 
he wishes to be informed how that is produced, 
and, as a consequence, why it is produced. 

For the sake of clearness of treatment of the 
historical development of chemistry, the division 
into ^periods mentioned above will be retained in 
the more complete consideration of the subject. 
T3a^ first part will treat of the development as far 
as the theory of combustion of Lavoisier — i.e., to 
aboutHhe year 1774; while in the second part will 
be described the whole development of chemistry 
from the standpoint of quantitative investigation. 
The first part is therefore divided as follows : 

1—2 
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1. Chemistry of the Ancients, to the fourth 
century a.d. 

^ 2. Period of Alchemy, from the fourth to six- 
V . teenth centurias. 
\ 3. Period of latrochemistry, sixteenth and seven- 
\ teenth centuries. 
\- 4. Period of the Phlogiston Theory, 1700-1774. 



CHAPTER I 
THE CHEMISTRY OF THE ANCIENTS 

CoKCBRNiNa the chemical knowledge of the ancient 
peoples we possess only very scanty information, 
derived from the Egyptians, Phoenicians, Israelites, 
Greeks, and Romans. In respect to its reliability 
and credibility great care is required, for really 
certain data only exist in the case of the Greeks 
and Romans. The reason for this is to be found 
chiefly in the fact that the scientific study of the 
teachings of Nature was the privilege of particular 
classes of the population, and was kept strictly 
secret from the common people. ^ 

In addition to written remains, however, dis-\ 
coveries made in the most varied excavations \ 
furnish us with evidence that the technical employ- 
ment of certain chemical processes was fairly well 
developed, although with no complete comprehen- 
sion of the real chemical changes involved. Here 
there need be recalled only the manufacture of 
glass and the working of the metals ; both of these 
operations seem to have been carried out in a much 
more complete manner among the Egyptians and 
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6 HISTORY OP CHEMISTRY [pabt i. 

Phoenicians than is to be noticed several hundred 
years after among the Greeks. 

The scientific treatment of chemistry suffered 
imder a general misfortune, which is noticeable to 
some extent even as late as the seventeenth century 
of our era, and which was, that experimenkd investi- 
gation, though not quite omitted, was practised 
only in the most extremely limited way. For this 
reason chemical research during this period lay 
entirely in the hands of the philosophers, and was 
considered from a purely philosophical, speculative 
point of view, without any reliance on facts based 
upon experience. 

A praiseworthy exception to this seems to have 
been (according to several historians) the well- 
known philosopher Democritus of Abdera, who lived 
in the fifth century B.C., and is reported to have 
spent his life in experimenting. At a later date, 
in the middle of the first century a.d., one 
Dioskorides, a physician of Anazardai in Asia Minor, 
seems to have possessed a noteworthy knowledge 
of the preparation of drugs and of chemical manipu- 
lations. He gave in his Materia medica a series of 
instructions relating to chemical operations, such 
as the extraction of mercury from cinnabar or the 
roasting of raw antimony ; we also find mention in 
his work of a kind of distillation. By far the most 
comprehensive account of the chemical knowledge 
of antiquity is left us in the thirty-seven books of 
the HiaUyria Natumlis, by Caius Plinius Secundus, 
who was bom in a.d, 23 at Verona, and lost his 
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CHAP. I.] CHEMISTRY OF THE ANCIENTS 7 

life in the eruption of Vesuvius in the year 79. In 
the time after Pliny we find some remains of the 
physician Claudius Galenus (Galen), which bring us 
nothing essentially new on chemical matters ; their 
author was bom in a.d. 131 at Pergamos in Asia 
Minor, and received his medical trainmg in Egypt. 
None of those who busied themselves with chemistry 
during this period understood how to turn their 
experimental experiences and observations to good 
account by the inductive method : in their theoretical 
views they always fell back upon deduction. The 
leader of the ancients in scientific matters was 
the Greek Aristotle of Stagira (384-322 B.C.). He 
maintains the view (which is derived from Indian, 
and eventually from Chinese, speculations, and is 
in agreement with those of the philosopher Empe- 
docles) that substances in their ultimate constitu- 
tion are composed of elements, and these he/regards 
as the things into which all substances when spUt 
up are resolved. The elements themselves are 
capable of qualitative change, and are to be 
regarded as potentially present in the substances. 
A mixture of these elements in reality constitutes a 
substance. The transformation of one substance 
into another is brought about by a separation of 
the substance into its elements^nd the mixing of 
these in a new arrangement./^"^ elements of this 
kind he designated air, water, fire, and earth, and 
held it possible for these to change among them- 
selves^ His doctrines in these matters rest on purely 
speculative ground, in spite of the fact that in other 
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places he maintains the view that facts must first 
be discovered, and all conclusions drawn from them. 
We are to suppose that the '^Aristotelian doctrine ' 
of these elements did not see in them the original 
constituents of matter, but indicated thereby^ dnly 
certain states of matter, its fundamental properties. 
His endeavours went so far as to seek for certain 
properties of matter common to the whole. It is 
clear a priori that bnly the sensible properties were 
adduced to this end. For him the elementary 
properties were such as ' moist,' ' wet,* ' cold,* 
'warm,' 'dry,* 'heavy,* 'light,' 'hard,' 'soft,* 
and so on. Among these he distinguished as the 
special ultimate properties, according to his idea, 
' hot,* ' cold,' ' dry,' and ' moist,* and supposed that 
an element possessed two of these properties, one 
of each kind. An element may therefore be 'dry 
and hot,' ' moist and cold,' but not ' moist and 
dry,* 'cold and hot,* at the same time. In this 
way he obtained four' elementary conditions df 
matter, and termed that of drjmess and heat ' fire,' 
that of heat and moisture ' air,' that of moisture and 
cold ' water,' and that of cold and dryness ' earth.* 
It soon became apparent, however, that these four 
elements were not sufficient, and so he assiimed in 
the universe a fifth element, to which he ascribed 
a higher ethereal nature. By this he meant much 
the same thing as was understood in the Middle 
^<Ages by the term quinia essentia. 

Wtth the help of his four elements he defined 
also the conception of the solid state as a combina- 
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tion of dryness and cold, which might, however, be 
removed by an opposite combination, such as that 
of moisture and heat ; in this way he sought to 
explain the process of solution or fusion. 

Of more purely chemical processes treats Theo- 
phrastus, a pupil of Plato and Aristotle, who was 
bom in 371 b.o. on the island of Lesbos, and died at 
V Athens in 286. His papers extend chiefly over the 
chemistry of minerals, as may .be perceived from 
the title of his book Tlepl Aiffav, He gives 
information about cinnabar, arsenic sulphide, and 
the preparation of white lead and red lead ; here also 
we find the first mention of coal. 

The Gases, Air, and Water. 

The ideas of the nature of gases were not very 
well defined among the ancients. Pliny, for in- 
stance, probably in accordance with the Aristotelian 
doctrine, terms the air an element which tends to 
rise upward, as against earth and water, which have 
a tendency to move downward. In contradiction 
to this, however, Vitruvius, who was militciry engi- 
neer under Caesar and Augustus, and was occupied 
in many ways with mechanics, waterworks, and 
machines, ascribes to air a certain weight which 
exerts a pressure downwards, for only by this 
means could he explain the rising of water in 
pumps. On the chemical composition of air the 
old chemists did not endeavour to form any ideas^ 
and their knowledge of the nature of other j^ases 
was also very small. . 
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Water, on the contrary, occupied them to a 
correspondingly greater degree. The supposition 
of a series of philosophers especially deserves men- 
tion : that by condensation there could arise from 
water solid matter — i.e., according to their views, 
earth. Diodorus (30 B.C.) said, for instance, that 
rock-crystal had been formed from the purest 
water by the action of heavenly fire. On the same 
subject the view was expressed by many that it 
had arisen from water, not by the action of heat, 
but of continued cold, as the term XP^^"^^^^^^ 
(ice) indicates. 

The Metals, 

Much further developed was the purely empirical 
knowledge of the ancients on questions of technical 
chemistry, and in particular the working of the 
metals takes a prominent place. The name ' metal ' 
is derived, according to Pliny, from the fact that they 
never occur alone, but always together {fier* aXKa). 
Among the Israelites six metals are mentioned — 
gold, silver, copper, iron, lead, and tin. Although 
concerning the origin of the metals and of the ores 
containing them the wildest notions prevailed, 'we 
find in Pliny and Dioskorides comparatively accurate 
information on their extraction from the corre- 
sponding ores. Gold and silver were probably the 
earliest known, on account of their occurrence in 
the massive state, and of the ease with which they 
could be worked. Gold was found in the time of 
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the Egyptians, principally in Nubia ; the Phoenicians 
got it from the golden land of Ophir, which is prob- 
ably to be sought in India or Arabia. The extrac- 
tion of gold by agitation of the crushed ore with 
water, by washing gold-bearing sand in running 
water, and by amalgamation, was known to the 
ancients. Among the properties of gold, Pliny 
makes mention of its extraordinary ductility, 
and the gilding of objects which this renders 
possible. 

Silver, probably introduced by the Phcenicians 
from Armenia and Spain, was at a very early date 
purified by fusion with lead ; a separation of silver 
and gold, on the other hand, seems not to have 
been known. 

The knowledge of Copper also dates from the 
farthest antiquity. The place in which it was chiefly 
found was the Isle of Cyprus, from which it obtained 
its name of aea cyprium. It was mainly used in the 
form of its alloy with tin as ' bronze ' for the making 
of weapons, ornaments, and the Uke, and that, 
indeed, at a time before pure tin had become 
known. Some compounds of copper, such as 
cuprous oxide and blue vitriol, were known, at 
least in Pliny's time, and he gives accurate pre- 
scriptions for their preparation. 

Iron was early prepared by fusion in furnaces 
from its ores — ^haematite and magnetic iron ore. 
The Egyptians were further acquainted with the 
hardening of iron— i.e., with the production of steel, 
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and its power of becoming magnetic when rubbed 
with a magnet is mentioned in Pliny. 

Tin was fetched, so we are told, from the islands 
of the Atlantic Ocean, probably Britain, and con- 
veyed in vessels covered with skins. 

Lead is mentioned in the books of the Old Testa- 
ment,^ and was termed /ioXtySo? by the Greeks. 
Pliny describes a separation of lead from tin and 
silver by melting ; the first stream which rrnis from 
the furnace is tin (stannum), the second is silver, 
and the residue is litharge. Of the compounds of 
lead there were known Utharge (lithargyrum), as 
well as red lead, called minium or minium cinnabar, 
and lead carbonate (certissa). Minium was already 
at that time obtained by heating white lead to 
redness. 

In Zinc we have a similar case to that of tin, for 
pure zinc is only mentioned comparatively late, 
under the name cadmvs, while its alloy with copper^ 
brass, became known in the earliest times. 

Mercury is termed ' liquid silver ' by Theo- 
phrastus (about 300 B.C.), and he prepared it by 
treating cinnabar with copper and vinegar. In 
Dioskorides we find the distillation with iron as a 
method for its preparation, and the purification of 
the raw metal by pressing through leather is recom- 
mended by Pliny. It is interesting, besides, that 
Pliny makes a distinction between that naturally 
occurring and that artificially obtained. That Pliny 

^ Exodus XV. 10 ; Job xix. 24. 
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was quite aware of the ease of amalgamation with 
other metals follows from the fact that he speaks 
of the eating away of lead vessels by mercury. 

Sulphur is mentioned by Homer as a fumigant, 
and was possibly used as such for many religious 
purposes. Its source even then was the volcanic 
Lipari Isles between Sicily and Italy. Pliny pre- 
pared it by melting out from sulphureous earth, 
and Agricola by roasting sulphureous ores. Under 
the influence of the school of Galen it found extensive 
use in medicine. 

Acids, Bases, and Salts. 

Among acids the ancients knew only acetic acid 
in the form of vinegar, and they had no definite 
ideas about its properties as an acid. Nevertheless, 
it was known even to the IsraeUtes that earth upon 
which vinegar was poured effervesced, and was dis- 
solved. This solvent power of vinegar probably 
also led to the legendary story that Hannibal in 
his march across the Alps cleared away the rocks 
with vinegar. 

Equally scanty is the information concerning 
alkaline substances. This extends in the main to 
the description of the extraction of potash from the 
ashes, and the power of this silfostance to dissolve 
. oil, to combine with sulphur, and to destroy the 
colour of green plants. In addition, soda of natural 
occurrence was largely employed in the manufacture 
of glass, which will be described later. 
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The salts resemble the acids and bases in the 
scanty nature of the knowledge possessed of them. 
We find various ones mentioned in the old writings. 
Apart from soda and potash, mentioned above, 
common salt was known in the very oldest times, 
and was prepared by evaporation of sea-water in 
^ salterns ' or ' brine-pans ' by the heat of the sun, 
or by pouring sea-water on to burning wood, in 
which process the nature of the wood used seeins 
to have had a considerable influence on the quality 
of the salt. Oak-wood and hazel-wood were recom- 
mended as preferable, since their ashes possessed 
the powers of the salt without ftu*ther treatment. 

Alum is mentioned in Herodotus in the eighth 
century B.C., but only the naturally occurring, 
not the artificially prepared, product seems to have 
become known, for Pliny speaks of it as a naturally 
occurring salt-juice of the earth. It found its chief 
use in the mordanting of wool and in the preparation 
of leather, but it was also much employed by the 
physicians as a medicine. The saltpetre which was 
known to the Romans seems not to be identical with 
ours ; Pliny's statements about his nitrum are, how- 
ever, very confused and obscure. 

Copper vitriol was obtained from mineral waters, 
and was used by the Romans as shoemaker's-black. 
It also found employment in medicine; Pliny and 
Dioskorides mention its emetic properties. 
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Glass Manufaotubb. 

We have just seen that soda and potash were 
generally known even in the earliest times, and this 
has a close connexion with the production of glass, 
for without these two substances its manufacture 
is impossible. We jfind in Pliny the first exact 
prescription for the preparation of glass by melting 
together soda and sand. From various discoveries 
in the Egyptian tombs we are forced to the belief, 
however, that the production of glass was developed 
early and comparatively completely among this 
people, and that they understood very well the 
preparation of coloured glasses, as well as of enamels 
and artificial precious stones. Besides the produc- 
tion of glass, the ancients were acquainted with the 
manufacture of earthen vessels, and it appears that 
the Etrurians reached a high level in the ceramic 
industry. While the Chinese, even in the time 
before the birth of Christ, were well acquainted 
with the manufacture of porcelain, and employed 
it for utensils, we do not find either among the 
Oriental peoples or among the Greeks and Romans 
any indication which would lead to the conclusion 
that the working of this branch of the silicate 
industry had become familiar to them. 

Dyeing. 

As in the manufacture of glass, so also in dyeing, 
the Phoenicians and Egyptians had acquired com- 
paratively great skill. The fixing of certain dyes 



16 HISTORY OF CHEMISTRY [pabt f. 

on to the fabrics with the aid of mordants (especially 
alum) was in general well known. As colouring 
matters were employed purple, which was mainly 
worked up by the Phoenicians, as well as (according 
to Pliny) white lead, cinnabar, red lead, smalt , 
verdigris, iron oxide, lamp-black, antimony sul- 
phide, realgar, orpiment, lead sulphide, and indigo. 
These substances were used both as dyes and as 
pigments. 

The remark made above, that the ancients were 
acquainted with the solubility of the fats in potash 
and soda, is in agreement with the fact that even 
in the earliest times soaps had been prepared by 
means of this reaction. A distinction was even 
drawn between hard and soft soaps, according as soda 
or potash had been employed in their preparation. 

From the physicians of the time chemistry re- 
ceived, on the whole, no great advancement. Even 
though they did make use of some chemical prepara- 
tion^ as medicines, they limited themselves for the 
most part to the administration of plant extracts, 
without any relation to chemistry. Nevertheless, 
the practice of medicine was closely connected, even 
at that time, with so many chemical manipulations 
that one is justified in saying that the beginnings 
of pharmaceutical chemistry reach back into the 
oldest times. 

Besides the decomposition of fats with potash and 
soda, that with litharge was also known, and was 
used for the preparation of plasters. Of the other 
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chemical preparations of that time there were used 
in medicine alum, soda, white lead, verdigris, iron- 
rust, sulphur, and copper vitriol. 

In the province of organic chemistry the prepara- 
tion of sugar from wheat-starch was known, as well 
as the extraction of turpentine by distillation from 
pine-resin, and the preparation of a series of fatty 
oils by pressing seeds and fruits. To these last 
belong especially olive-oil, almond-oil, and castor-oil. 



/ 



CHAPTER II 

THE PERIOD OF ALCHEMY 

In the preceding chapter we have seen that in anti- 
quity no definite direction is to be found in chemical 
work ; we shall find in this chapter, however, that 
with the fourth century after Christ a change set in. 
The endeavour to eflEect the transmutation of the 
metals became the chief centre of interest, and the 
work of most chemists was influenced by this idea 
in a striking manner. The period of time during 
which chemistry lay under this influence extends 
from the fourth to the middle of the sixteenth 
century a.d. It is specially designated the period 
of alchemy. 

From various references in the oldest historians 
it may be plainly recognized, indeed, that the first 
beginnings of alchemy reach back into grey anti- 
quity, but only at the epoch, mentioned did the al- 
chemistic idea come to define the prevailing views 
of chemistry. There have been isolated alchemists 
much later, and their traces extend even to our own 
time, so that, strictly speaking, the duration lof 
alchemistic effort cannot be exactly defined. 

18 
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The Philosopheb's Stone. 

The activity of the alchemists revolved round the 
discovering of the ' philosopher's stone ' — ^the lapis 
philosophorum ; for in their opinion there should be 
a substance which would possess the power, when 
brought into contact with fused base metals, Uke 
copper, lead, or tin, of turning them immediately 
into gold. Most of the alchemists, in addition to 
this transformation, supposed a simultaneous in- 
crease in weight, and to the substance were ascribed, 
besides, a whole series of very mystic prop^iiies, 
of which here there may be mentioned only that 
many alchemists were persuaded that they could 
effect by its aid a lengthening of human life. Be- 
sides the term ' philosopher's stone,' there is also to 
be met with the expressions ' the great ehxir,' ' the 
great magiiJterium,' * the red tincture,' or ' the medi- 
cine of the third order ' (Geber). 

It is of course clear that by the idea of dimply 
and cheaply obtaining with the philosopher's stone 
gold, at aU periods so highly prized and so necessary, 
the door was opened to deceitful manipulation and 
trickery. \ As, in fact, a series of such cases exist, 
the idea arose that alchemistic processes in general 
were to be regaxded'^^-a mass of pure deception. 
It should not, however; be forgotten that the 
alchemists belonged -Entirely to the AristoteUan 
school, and Aristotle declaxes plainly in his teach- 
ings that he is persuaded of a transformation of his 

elements among themselves. 

2—2 



20 



HISTORY OP CHEMISTRY 



[PABT J. 



^' The whole system of Aristotle is permeated with 
the idea that substances are composed of various 
properties, such as cold and dry, or hot and moist, 
etc., and it is quite intelligible that the idea 
should arise that gold actually consisted of yellow 
and lustrous, or other concepts of that kind. 
'. Nothing Was therefore more natural than that gold 
should be obtained on bringing together substances 
which showed these properties, and the alchemists 
« sought in various ways to^flEect its preparation' 
jfrom sulphur and mercury, t^^, however, this 
I turned out to be not so simple as it seemed, it was 
supposed there was needed something besides of un- 
known nature, and that it was which was meant, 
as an unknown something, by the term ^philoso- 
pher's stone.' Such notions would then receive 
considerable support from the possibihty of pre- 
paring alloys resembling gold or silver. It was 
known, for instance, that copper took on by addition 
of zinc a golden yellow, by addition of arsenic a 
silver-white colour; and that such alloys were in 
early times generally regarded as transformations 
is plainly to be seen from a remark of Geber in the 
eighth century. Geber calls attention to the fact 
that copper stands between gold and silver, and can 
I be changed into either of these — ^a statement which 
Ima v be readily understood from what has been said. 
iWith the advance in the recognition of chemical 
Ifacts, however, it was then soon noticed that the 
gold so obtained was not identical with real gold. 
Then it was sought to realize the attractive idea 
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of making gold and silver in another way, and here 
the aid of the mystic essence, the philosopher's stone, 
was called in. 

We should not, however, overlook the fact that, 
in spite of the fniitlessness of the experiments to 
transmute the metals, a considerable extension of 
general chemical knowledge is to be observed in this 
period. The reason for this is that the investigators 
of the time did regard experiment as the foundation 
of investigation — ^perhaps in a limited degree, yet 
quite perceptibly. This is shown by the familiarity 
of the workers of that time with many aids to experi- 
ment, such as the operations of filtration, distilla- 
tion, and sublimation, and the use of various water- 
and ash-baths. On the other hand, the comprehen- 
sion of chemical processes was very slight ; only 
rarely does one find^^^y effort at an explanation of 
them, and when this does happen the explanation is 
never free from hypothesis. 

The place where alchemistic studies were most 
practised in early times was Egypt, especially the 
school of the Alexandrians. All that we know of 
the alchemy of the fourth to sixth centuries a.d. is 
'founded upon the written remains of the members 
of this school. Further, some papers of the fourth 
century, due to Zosimos of Panopolis, have been 
preserved for us. His writings, which are for the 
most part composed of secret mystic receipts, were 
greatly esteemed by the latter alchemists, and seem 
to have had a directing influence on the alchemistic 
tendencies of the Middle Agesy From the time about 
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the end of the fifth century-^that is, at a time at 
which the alchemistic studies of the Alexandrians 
seem to have been at their highest point — ^we possess 
some works by Synesios, the well-known Bishop of 
^tplemais, as well as some by Olympiodor. In 
these also there are few accounts relating to purely 
chemical matters. 

At the end of the seventh century the Egyptian 
centres of culture, and with them the Alexandrian 
library, fell a prey to the destroying rage of the in- 
vading Arabs. The ease with which this race in a 
comparatively short time possessed itself of the 
knowledge of the lands it had despoiled render it 
possible that the acquisitions of the Alexandrian 
school were not lost. So we find as early as the 
middle of the eighth century in Spain, then ruled by 
the Arabs, a number of centres of art and learning, 
visited by the seekers after knowledge of all nation- 
aUties. Besides medicine, mathematics, and optics, 
with which the learned men of the time occupied 
themselves, alchemy was eagerly practised in the 
Spanish schools. 



BlOGBAFHICAL. 

The greatest repute among the alchemists of that 
period was possessed by the Arabian physician, 
Abou Moussah Dschafar al Sofi, called ' Geber ' by 
the people of the West. There exists a whole series 
of his alchemistic works, which, however, only 
became generally accessible, in Latin translation, 



f 



CHAP, n.] THE PERIOD OP ALCHEMY 23 

in the course of the sixteenth century. Consciously 
or unconsciously, much new matter became incor- 
porated with these writings in the process of trans- 
lation, so that it is certainly more than doubtful 
whether everything ascribed to Geber does really 
come from him. Nevertheless, he appears to us as 
a man of wide chemical knowledge, if one does not 
regard the theoretical explanation of chemical pro- 
cesses, concerning which he is in as bad a case as 
his contemporaries. From Spain alchemy then 
found its way through France and Italy to Germany 
and the Slav empires, and we find in Germany the 
first certainly known alchemist about the year 1063 
at the Court of Adalbert of Bremen. 

le most important alchemists were Albertus 
Magnus, Roger Bacon, Amaldus Villanovanus, and 
Raymund LuUy. These men, who lived about the 
thirteenth century, followed Gteber closely in their 
opinions. A great number of their writings exist, 
but these, like those of Gteber, seem to have been 
Luch enlaxged at later dates. 

Albertus Magnus, whose real name was Albert 
von BoUstadt, was bom in 1193 at Lauingen, on the 
Danube. He taught publicly, at first as a Domini- 
can monk in various towns of Germany and France, 
and became in 1260 Bishop of Regensburg ; he re- 
tired, however, in 1265 to a Dominican monastery, 
and died in one at Cologne. Among his numerous 
writings, De AUhymia and De Rebus MetaUicis et 
Minerabilibvs deserve special mention. 
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Rogrer Bacon was bom about the year 1214 in 
the county of Somerset. He also was from the begin- 
ning of his life a theologian, and acquired his know- 
ledge at Oxford and Paris ; his many-sided and aston- 
ishing knowledge gained him the title of Doctor 
Mirabilis. He pursued mainly the conscientious 
and well-considered working-out of experiments, 
and so imprinted upon chemistry a character pecuUar 
enough at that time, but one which was of decisive 
influence upon its later development. His life was 
fuU of persecutions and punishments; he died 
probably in the year 1294. 

Amaldus ViUanovanus lived in the second half 
of the thirteenth century as a physician at Barce- 
lona. As his teachings gave offence to the spiritual 
authorities there, ho had to fly, and foimd, after 
long wanderings in French and Italian towns, 
protection and support at the Court of King 
Frederick II. in Sicily. He possessed considerable 
practical chemical knowledge, and by its aid ad- 
vanced the art of medicine in his time not incon- 
siderably. In the year 1313 he perished by ship- 
wreck on his way to Avignon, at the call of Pope 
Clement V., who lay seriously ill. 

Raymund Lully was probably bom about 1235, 
the scion of a noble Spanish house. He spent his 
youth in dissipation at the Court of Aragon, until 
in his thirtieth year he devoted himself to science, in 
consequence (according to his own statement) of 
a holy vision. To him belong various prescriptions 
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for the transmutation of the metals, but they are 
extraordinarily uncertain and obscure. It is certain 
that of the writings ascribed to him a whole series 
was not compiled by him, so that historical criticism 
is here in a difficult position. , According to various 
accounts, he seems to have occupied himself in his 
old age with the conversion of the unbelievers in 
Africa, and as a result to have met his death by 
stoning about the year 1315. 

Besides the learned men mentioned above, there 
were in the fourteenth century in various countries 
a large number of people who went by the name of 
alchemists, but neither their works nor their writings 
brought any valuable extensions of chemical science. 
The disturbed financial conditions of many Euro- 
pean States gave occasion for many Princes of that 
period to maintain private alchemists with the idea 
of relieving their need of money when the transfor- 
mation of base metals into gold had been made pos- 
sible. It does not need to be specially mentioned 
that these people alone really deserve the name of 
'gold-makers,' and that it was they who chiefly 
used alchemy the better to conceal trickery and 
swindling. For how often were these people in the 
position of losing their well-paid places if they did 
not show a proof of their skill ! What was wanted 
was then found : the way to it was a small matter. 
It should not therefore excite astonishment that the 
result of such alchemistic efforts was continually 
to lower the repute of chemistry and increase con- 
tempt for it from day to day. 
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New life was brought to this ruinous state of aflEairs 
in the second half of the seventeenth century by 
Basil Valentine, and with him occurs also the 
transition into a new period of chemistry — ^that is to 
say, a change in the prevailing views of the science. 
Of the real life of Valentine we know extremely little. 
He was a Benedictine monk, bom in Upper Grer- 
many. His works were published at the beginning 
of the seventeenth century at Frankenhausen, in 
Thiiringen. Among them his monograph on Anti- 
mony claims special interest. In his chemical know- 
ledge he stood completely upon the ground of the 
alchemists, but he worked for the coming period of 
iatrochemistry in his endeavours to introduce a 
series of chemical preparations into medicine. 

If, as has been pointed out at the beginning of this 
chapter, the object towards which the alchemists 
strove was the transmutation of the metals, the ques- 
tion of their composition must necessarily have been 
decided beforehand. This seems not to have caused 
much worry to the earlier chemists, for we jfind the 
first statements on the point in Geber's work, 
Summce Perfectiones Magisterii ; and it certainly 
gave the lead to all later views in this direction. 
These explanations of the constitution of the metals 
are greatly influenced by the observation that mer- 
cury unites extremely easily with other metals to 
form so-called amalgams, for Geber expresses the 
opinion that all metals contain mercury. 

The amalgams themselves he terms solutions in 
mercury of the metal concerned, but supposes at the 
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same time that the latter dissolves only such sub- 
stances as are similar to itself. Besides mercury, 
the metals contain, according to him, sulphur, and 
the differences of the metals among themselves are 
conditioned by the varied content of mercury and 
sulphur. The noblest metals, such as gold and silver, 
contain much mercury and little sulphur, and both 
in great purity. Accordingly, there should be a 
means by which the excess of the two constituents 
over the composition of gold could be removed, and 
such a means the philosopher's stone must be. 
From this point of view the latter might be re- 
garded as a ferment, which on addition, by a kind of 
fermentation, would cause the separation of the con- 
stituent present in excess, until the composition of 
gold was reached. That was, in the main, apart 
from certain smaller variations and extensions, 
the prevailing view of the constitution of the 
metals during the whole period of alchemy. 
Such variations we find, for instance, in Albertus 
Magnus, who supposed arsenic, water, and sulphur 
to be the constituents of the metals ; or in Ray- 
mund Lully, who not only conceived the metals 
as consisting of mercury and sulphur, but ascribed 
these two constituents to all substances. Grave 
doubts were expressed on these hypotheses from 
many quarters, and to overcome these their sup- 
porters went further and further into speculation, 
so that the thesis was maintained that the sub- 
stances mercury and silver regarded as constituents 
of the metals were not identical with the known 
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subi^ftnces of those names. The same opinion held, 
of course, for the ' salt ' introduced by Basil Valen- 
tine as a further constituent of the metals. He 
understood rather by that term everything solid and 
stable against heat, as opposed to sulphur, which he 
regarded as the combustible principle, and to mer- 
cury, which was that of volatility and of the metallic 
characteristics. A generalization of these views led 
them also to the supposition that all substances were 
composed of these three fundamental substances. 

The Gases. 

The knowledge of gases, and in particular of the 
air, made little progress in this period, though a dis- 
tinction was drawn between combustible gases and 
non-combustible, between those which could be 
breathed and those which could not. From this it 
follows that, though some investigations and obser- 
vations on various kinds of gases were made, on the 
whole no advance took place. Basil Valentine de- 
scribes the gas found in mines, which he names 
' Wetter,^ and considers it to be air rendered impure 
' by something dense which is injurious to man/ 
Escapes of gas in chemical operations were generally 
neglected ; sometimes mention is made of them, but 
they are then regarded as escapes of imprisoned air. 

The Metals. 

The number of known metals had been increased 
towards the end of the alchemistic period by arsenic. 
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antimony, bismuth, and zinc. The extraction of 
gold was still carried out as in antiquity, as was that 
of silver from its ores by the aid of lead. ValeiflSne 
terms this method ' Ausseigern,^ For the separation 
of gold from silver, which was in earher times, as 
has been mentioned, numbered among the most 
difficult operations, the cementation process (which 
was due to the ancients) was still employed in iso- 
lated instances at the beginning of this period ; but 
at the time of Albertus Magnus we find definite 
directions for their separation in the wet way by 
means of nitric acid. The metallurgy of iron, lead, 
tin, and copper experienced no essential improve- 
ments. The extraction of mercury was undertaken 
by the alchemists on the large scale with improved 
apparatus, after the discovery of the rich mercury- 
mines of Idria and Camiola in the fifteenth century. 
There is also in Basil Valentine an account of the 
preparation of mercury from sublimate by distilla- 
tion with quicklime. Zinc, bismuth, and antimony 
are often mentioned by Valentine in his writings, 
and he even dealt with antimony and its compounds 
in a special treatise under the title Der Triumph- 
toagen des ArUimoniu Albertus Magnus speaks of 
arsenic as ' regulus,' and of its oxide, ' white arsenic,' 
and he describes also its separation from the ores by 
sublimation. The first reliable account of the know- 
ledge of arsenious acid is found in the eighth century 
in Geber, who prepared it by burning arsenic sul- 
phide and collecting the sublimate. The compound 
was generally known to later alchemists, and its 
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poisonous properties are also often pointed out. 
The change which the various metals suffer on heat- 
ing was not overlooked. On this accbunt we often 
find mention of mercuric oxide, as well as of iron 
oxide, copper oxide, and arsenious acid. Copper 
sulphide and mercury sulphide, as sulphur com7 
pounds, are often found in alchemical writings, and 
the solubility of sulphur itself in caustic alkalies, 
and its precipitation with vinegar as milk of sulphur, 
were observed. 



Acids, Bases, and Salts. 

Among the ancients, as we have seen, the only acid 
known was vinegar ; in this period, however, the 
number of representatives of this class of substances 
was considerably increased. Sulphuric acid, hydro- 
chloric acid, and nitric acid were familiar substances 
to the alchemists, and were used to a large extent 
in chemical operations. Sulphuric acid was pre- 
pared in various ways. Greber made it, for instance, 
by strongly heating alum ; Basil Valentine obtained 
it by distilKng iron vitriol mixed with flints, and 
speaks also of the oxidation of sulphur to sulphuric 
acid by saltpetre with evolution of light and heat. 
Nitric acid was obtained by Gteber by distilling a mix- 
ture of saltpetre, copper vitriol, and alum ; while later 
alchemists prepared it from saltpetre and sulphuric 
acid. The names aqvu dissoluta and aqita fortis for 
^this acid are due to Geber. Hydrochloric acid is 
first mentioned in Basil Valentine, who obtained it 
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by heating a mixture of oommon salt and iron 
vitriol, and gave it the name spirittts salts (spirit of 
salt). Its power of dissolving many metals and 
their oxides was well known to him. Aqtta regia 
was known to Geber, and was obtained by him by 
dissolving sal ammoniac in nitric acid ; it is men- 
tioned as a mixtwre of hydrochloric and nitric acids 
by Basil Valentine, who gave it the name aqtia 
regia. Its solvent action on gold did not escape the 
alchemists, and they imagined they possessed in it 
the eagerly sought for 'alkahest,* the universal 
solvent ; not only did it dissolve (or ' consume,' as 
they expressed it) all metals, including gold, but also 
other substances, such as sulphur. 

Along with the acids the number of known bases 
also experienced a considerable increase, for the pre- 
paration of caustic alkalies by boiling soda and 
potash solutions with quicklime was known. There 
is every appearance that these substances were sub- 
jected to a complete investigation, for there is men- 
tion in the writings of Basil Valentine of a reciprocal 
action between acids and bases. 

Much the greatest increase is, however, to be 
noticed in the number of salts, and some of them 
were also frequently and exactly investigated. To 
the salts of the alkalies already known there were 
added in particular ammonium carbonate and sal 
ammoniac. The alchemists of the thirteenth century 
called the former the ' volatile alkaUne salt,' or 
spiritus urincBf because they made it by distillation 
of putrefying urine. To Basil Valentine its prepara- 
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tion from sal ammoniac and alkaline carbonates was 
also known. Sal ammoniac was obtained partly as 
a natural product of volcanic origin, partly by heat- 
ing horse-dung. Its name comes from Greber's scd 
armeniacumy or the sal armoniacum of Basil Valen- 
tine, while the sal ammoniacum of the ancients was 
ordinary rock-salt. 

Alum was chiefly prepared from alum shale in the 
town of Rocha, and was purified by recrystallization 
from water. The power of aqtui regia to dissolve 
gold made gold chloride accessible; it possessed 
extraordinary interest for the chemists of that time, 
since as aurum potabile they ascribed to it the most 
powerful medicinal action. By solution of silver in 
nitric acid the alchemists obtained silver nitrate. 
The precipitation of solutions of it by common salt 
solutions did not escape their observation, but here 
also, as was so often the case, they did not under- 
stand how to seek an explanation of the chemical 
process by way of the facts alone, with the exclusion 
of all hypothesis. In this period also the separation 
of silver from its solutions by means of mercury or 
copper was carried out in various ways. Among 
mercury compounds, mercuric chloride (corrosive 
sublimate) was prepared by Geber by heating mer- 
cury with salt, alum, and saltpetre ; and Basil Valen- 
tine recognized hydrochloric acid as a constiti^ient of 
it, without, however, drawing any further conclu- 
sions. 

It appears that corrosive sublimate was at that 
time a chemical preparation pretty much in request. 
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for. as may be concluded from several references, 
it even then formed an article of commerce. Geber 
also mentions mercuric oxide, which can be prepared 
by prolonged heating of the metal, and, among other 
mercury compounds, the basic sulphate and the 
nitrate were known to Basil Valentine. As already 
mentioned, the last-named alchemist occupied him- 
self greatly with the study of antimony, and there 
are due to him several exact prescriptions for the 
preparation of butter of antimony (antimony 
chloride), powder of Algaroth (basic antimony 
chloride), antimony oxide, potassium antimonate, 
and antimony sulphide. He does not seem to have 
been clear as to the composition of these compounds, 
with the exception of antimony sulphide, about 
which he at least correctly states that it contains 
sulphur. 

Among the other salts of the heavy metals, we 
find in Basil Valentine information concerning sugar 
of lead and green vitriol, which last he obtained by 
dissolving iron in sulphuric acid, besides some scanty 
particulars of salts of zinc and bismuth. Brcferences 
to qualitative chemical analjrsis are also to be found 
in Basil Valentine. He describes various separa- 
tions of metals which he carried out by alternate 
treatment of their solutions with acids and bases, 
and he employed these methods frequently in prac- 
tice with success. In this way he succeeded in show- 
ing that iron is present in tin and that Hungarian iron 
contains copper ; in copper from Mansf eld he detected 
silver, and in Hungarian silver he found gold. 

3 
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Glass Manitfaoture, Dyeing, etc. 

The methods of manufacture of glass and of 
pottery-ware experienced no improvement worth 
mentioning in this period ; as the solitary advance 
in this branch of manufacture may be noticed the 
employment of glazes containing lead and tin, as 
well as the burning in of colours. 

In dyeing, alum was still in use as a general mor- 
dant; the list of dyes was increased by cochineal 
and orseille, both imported into Europe from the 
East. While in antiquity indigo blue found its 
chief employment as a pigment, we may notice in 
the course of the alchemistic period an increasingly 
frequent use of it as a dyestuff . 

Organic Compounds. 

The knowledge of compounds which belong to the 
province of organic chemistry experienced only a 
slight increase. The use of better forms of distilla- 
tion apparatus, due principally to the Alexandrian 
school, brought great improvement in the prepara- 
tion of spirits of wine, and hence greatly furthered 
the investigation of this compound. The name 
' alcohol ' is found first in the next period in libavius, 
at the end of the sixteenth century ; the alchemists 
called it aqua vitas. Raymund LuUy especially 
points out the good solvent properties of spirits of 
wine, and knew besides that it is in most cases ren- 
dered impure by admixture of water ; and he showed 
how to dehydrate it by the aid of fused potassiuiQ 
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carbonate. Basil Valentine mentions its inflamma- 
bility, and recommends the use of this property for 
its recognition. The investigations which were 
carried out with spirits of wine comprised mainly 
the action upon it of concentrated acids, of hydro- 
chloric acid as well as of sulphuric and nitric acids. 
The reaction between it and hydrochloric or nitric 
acid is described by Basil Valentine as the ^ sweeten- 
ing ' of spirit. The action of concentrated sulphuric 
acid on spirit, and the resulting preparation of ether, 
were also carried out by the alchemists. The forma- 
tion of alcohol by the process of fermentation, on 
the other hand^ seems to have been unknown to 
them, for the view was maintained by many that it 
exists preformed in wine and similar substances. 
The improvements made in the apparatus for 
distillation also allowed Greber to separate strong 
acetic acid by distillation of vinegar, and to prepare 
by means of it the normal and basic acetates of 
lead. Besides the distillation of oil of turpentine, 
a series of ethereal oils were prepared by the 
alchemists, including oil of rosemary, oil of thyme, 
etc. 

Phaemaobutical Chbmistby. 

Until towards the close of the alchemistic period 
pharmaceutical chemistry drew little that was 
useful from the studies of the alchemists. It was 
Basil Valentine who applied to the greatest extent 
chemical preparations to medicinal purposes and 
so prepared the way for the next period, that of 
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iatrochemistry. The Arabian physicians, influenced 
by the endeavour to employ vegetable medicines, 
brought about the preparation of so-called 'dis- 
tilled waters.' Apothecaries' shops arose chiefly 
about this time in Arabia, where they served as 
places in which the preparation of medicines was 
carried out strictly according to the prescriptions 
due to Galen and Andromachus. This system was 
then introduced through Spain to Grcrmany, and so 
we find as early as 1474 a pharmacopoeia compiled 
by Ortholf von Baierland. 

The preparations which Basil Valentine used in 
the practice of medicine were mainly those of anti- 
mony and mercury. In addition, it was known, 
even at that time, that it is possible to rub up mer- 
cury with fat to make an ointment, and this found 
various uses in medicine. 



CHAPTER III 

THE PERIOD OF lATROCHEHISTRY 

If one compares the advances which chemistry 
made in the alchemistic period, treated in the fore- 
going section, with the great interval of time which 
it includes, it is not difficult to notice that the two 
stand in ho proportion to one another. The reason 
for this may be traced to the small interest taken 
in natural science, by which, aa weU as an especiaUy 
strongly developed belief in authority, the Middle 
Ages, with their ecclesiastical tendencies, are charac- 
terized. The reincarnation of the Greek mental 
tendencies, as it broke forth in the Renaissance, 
influenced at any rate the development of chemical 
science. The transition of the Middle Ages to the 
Renaissance coincides in time with that of alchemy 
to iatrochemistry. The change which this effected 
in chemistry expressed itself most prominently in 
the effort to make it an independent science. Plain 
signs are to be found of a development of such a 
kind, but the change did not become complete in 
this period. Chemistry in the sixteenth and seven- 
teenth centuries stood, on the contrary, under the 

87 
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influence of a tendency which made it the assistant 
of another science, and which is distinguished by 
the endeavour to fuse chemistry with medicine. 
On this account, the period including the sixteenth 
and seventeenth centuries is termed that of medi- 
cinal chemistry, or iatrochemistry. It should be 
understood, however, that chemistry, whose repute 
(as already indicated) has greatly fallen with the 
growth of alchemistic tendencies, now worked itself 
up into a generally respected subsidiary science to 
medicine, and so reached a position from which it 
was able later to take its place as an independent 
science. 

A turning of the thoughts and views of chemists, 
such as we have before us in the change from al- 
chemy to iatrochemistry, naturally could not happen 
in a day. We have found in the preceding chapter, 
on the one hand, that iatrochemical efforts were 
being put forth even in the time of Basil Valentine, 
forming a transition into the new period ; and, on 
the other hand, we have also learnt that alchemistic 
efforts continued for many years — even, indeed, 
into our own time. In the main, however, such 
alchemistic endeavours, proceeding from the stand- 
point of gold-making, and ieiccompanied by base love 
of gain and common t;rickery, were without influence 
upon the general development of chemical views. 

The most decisive influence upon chemical thought 
in this period proceeded from the physician Para- 
celsus and his successors, van Helmont and De la 
Boe Sylvius. Basil Valentine had already put 
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forward the view that all substances consisted of the 
three el ements sulphitr, mercury j «-"^ ""-l^- thftaft 
being regarded after the AristoteUan system as 
symbolizations of the fundamental properties com- 
bustible, volatile, and solid. The iatrochemists 
generalized this view in such a way that they re- \/ 
garded the human body also as composed of these 
elements, and sought in the chemical activity of 
certain constituents of the organism the causes of 
its functions. The 'life-process,' the physiological 
phenomenon, was considered as a chemical process in 
which, in healthy conditions, the active constituents 
reacted upon one another in the right proportions. 
That these fundamental substances are present in 
the right relative quantities is a matter looked after 
by a being called the archeus, which is independent of 
the human will. \ Illnesses,' the pathological pheno- 
mena, are due to a disorganization of the normal 
chemical process, and are occasioned by an unnatural 
preponderance of one or other of the constituents. 
In this way the plague and fever were explained as 
due to a predominance of sulphur, paralysis and 
depression to an excessive prevalence of mercury, and 
diarrhoea and dropsy to a preponderance of salt. 
Therapeutics then had the task of seeking for 
chemical means of removing the constituent, excess 
of which was causing the illness concerned, and so 
restoring the correct relations necessary to the life- 
process. Although nowadays these views are open 
to attack on many points, they were successful in 
providing the stimulus for a thorough investigation 
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of chemical processes, and also in giving occasion 
for the production of a number of new chemical pre- 
parations. Along with this there was also united 
the effort thoroughly to investigate animal sub- 
stances, in order to discover the active constituents 
they contained. 

BlOOBAFHIGAL. 

We will first mention some of the details of the 
Ufe of the most important chemist of this period, 

Paracelsus. 

Philippus Aureolus Paracelsus Theophrastus Bom- 
bastus was bom in 1493 at Einsiedeln, in Switzer- 
land, and led a wild and wandering life in Europe, 
Asia, and Africa until his thirty-second year. His 
enormous mental powers and his gift of sharp ob- 
servation he turned to account during these wander- 
ings in a striking manner, so that he possessed exten- 
sive knowledge of chemical operations when he re- 
turned to his native country in 1525. How sharp 
his observation and how great his powers of com- 
prehension must have been is best shown by his own 
statement that from his twentieth to his thirtieth 
year he did not look into any book. A number of 
fortunate cures led to his appointment as Professor 
of Medicine at the University of Basle. But not for 
long did a place of quiet activity there content him. 
His spirit of opposition, rismg to madness, and his 
efforts to drag to the dust everything in his path^ 
as he did notably with the teachings of Galen and, 
Avigenna, made him a great number of enemies. 
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Against them, however, he raised himself a crowd 
of followers by his efforts to popularize science. 
Finally, however, he sued a canon, who would not 
pay the sum required of him for a cure, before the 
magistrate of Basle ; and the latter, with whom he 
was continually in enmity, sided with the canon, 
so that he was compelled in 1627 to leave the town. 
He then recommenced the wild life of wandering of 
his youth, and lived in turn in Alsace, Bavaria, 
Austria, and Switzerland. He died in 1541, in 
the deepest straits of poverty, at Salzburg. In 
spite of his wandering life, he left numerous writings 
in various languages, whose contents were vigorously 
attacked by the old school of medicine. In style 
and composition he takes a very low place ; his 
works are often written in a manner quite un- 
worthy of an educated man. They are swollen 
with a boundless self-conceit, and reflect in every way 
his changeful life. The controversy over the views 
of Paracelsus was continued acrimoniously after his 
death. The most prominent of his enemies was the 
Swiss physician Erastus — ^in German ' lieber ' — 
who fought for the doctrines of Galen against Para- 
celsus, and of his followers Leonhard Thumeisser 
seems to deserve mention as the best known, 
although chemistry does not owe to him any 
essential advances. 

Later we find a series of important chemists who, 
though working in the direction of the Paracelsian 
views, recognized the errors they contained, and 
busied themselves with the endeavour to remove 
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them as far as possible. They all strove for a 
rational use of chemical preparations in addition to 
the drugs of Galen, and in their preparation they 
brought extensive increase to chemical knowledge. 

Turquet de Mayeme was bom at Geneva in 
1573. He at first lived at Paris as a physician, but 
was obUged to emigrate to England because, against 
the opinion of the Parisian doctors, he declared 
antimony preparations to be indispensable medi- 
<$ines. He was body-physician to Eang James I. 
until his death. 

Andreas Libavius, also a physician, commanded 
an extensive knowledge of chemistry, and by reason 
of his sound general education could give due value 
to the influence of chemistry upon medicine. He 
opposed energetically the fantasies of Paracelsus ; 
pointed out also, however, the good ideas of the 
latter; and so took up an intermediate position 
between Paracelsus and his opponents. Although 
he revealed a sound opinion in this matter, yet he 
was not able completely to break away from 
alchemistic ideas. To him are due, besides other 
works, a chemical text-book, which appeared in 
1595 under the title Alchymie. He died in 1616 as 
Director of the Oymnasium at Coburg. 

Van Helmont, who was bom at Brussels in 1677, 
and died there in 1644, studied first philosophy and 
theology, but soon turned from these studies un- 
satisfied, and took to medicine. With him, as with 
Libavius, it is to be noticed that, in spite of his 
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strikingly sharp and sober powers of observation, he 
could never free himself completely from alchemistic 
views. These contradictions are even more remark- 
able in him than in Libavlus, so that it is really 
scarcely imaginable that the same man whose exact 
observations on the gases call forth our astonishment 
should still at the same time share the view that a 
transmutation of the metals was possible. The col- 
lected works of van Helmont were published by his 
son under the title Orttis MedicincB vd Opera et 
Opusctda Omnia. He was, in sharpest contrast to 
Paracelsus, the type of a learned man working in 
peace ; and hence, although he received many flat- 
tering invitations from various Princes, he preferred 
for love of his scientific occupations to investigate 
the secrets of Nature in his own laboratory at 
Brussels. 

His most important contemporaries were the two 
physicians Angelus Sala and Daniel Sennert. The 
former lived in the first half of the seventeenth 
century as body-physician at the Court of Mecklen- 
burg, and the latter was professor at Wittenberg in 
the first third of the seventeenth century. 

\ Franz de la Boe Sylvius, bom at Hanau in 1614, 
was at first a physician, and later professor, at 
Leyden. Only the smallest part of the work of this 
chemist lies in the province of pure chemistry ; he 
was more engaged in the endeavour to explain as 
chemical processes the workings of the human body. 
He contributed much to the extension of chemical 
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knowledge by the introduction of a series of new 
preparations into medicine. He died at Leyden in 
1672. 

Otto TacheniuSy a pupil of the preceding, was 
bom at Herford, in Westphalia. Until the middle 
of the seventeenth century he lived an unsettled, 
wandering life as an apothecary's assistant, turned 
in Italy ta the study of medicine, and lived in Venice 
as a physician. It is especially worthy of mention 
that we find in him the definition of a ' salt ' as the 
compound of acids and alkalis .^ ^ With great acute- 
ness he perceived how to employ certain reactions 
for the recognition of substances, and by systemati- 
cally proceeding in this way assisted the beginning 
of qualitative analysis. ) Besides these observations 
of a qualitative nature, we find in his work also 
occasionally some dealing with the quantitative 
examination of chemical processes. He observed, 
for instance, (the increase of weight accompanying 
the transformation of lead into red lead, ^ but did 
not perceive how to make use of these observations 
in any way. 

All the chemists named above stood entirely upon 
iatrochemical ground, and considered chemistry 
purely as an assistant science to medicine. We find, 
however, besides, three learned men of that time 
who went out more from the idea of making their 
chemical knowledge of use in trade and industry. 
These three are Georg Agricola, Bemhard Palissy, 
and Johann Rudolf Glauber. 
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Georg* Agricola was born at Glauchau in 1494 ; he 
is therefore a contemporary of Paracelsus. In later 
years we find him a respected physician at Chenmitz, 
where he also filled the office of mayor. He prac- 
tised medicine only by the way, for his chief occupa- 
tion was the study of mineralogy and metallurgy, 
his attention being very likely turned to that subject 
by the mining and smelting industries of Saxony. 
His writings, in which he gave a series of practical 
directions for performing chemical operations, stand 
in the sharpest contrast to those of his contemporary 
Paracelsus. We find in them a striking clearness of 
expression, a steady comprehension of the processes 
described, and an exact indication of the apparatus 
required for the various chemical processes. But, 
like most of the chemists of that time, he still, in 
spite of his mental ability, lay in the power of 
alchemistic ideas. He died in 1556. 

Bemhard Palissy lived in the sixteenth century. 
Along with Agricola, he was one of the chief expo- 
nents of experimental chemistry at that time. He 
assisted the development of the ceramic industry 
especially in a marked degree. From a simple 
potter, wanting in all higher education, he was able 
to make himself a man of considerable chemical 
knowledge. His many experiments, continued often 
with mistaken ideas but with untiring zeal, designed 
to introduce improvements into his trade, show him 
as a man free from prejudices and of a det^mined 
character. In his opinion, experiment takes the 
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foremost place, and all speculations made without 
its aid are to be rejected. 

\ Johann Rudolf Glauber, bom in 1604 at Amster- 
dam, where he died in 1668, possesses many simi- 
larities to Paracelsus. His life was very troubled, 
and his writings are often expressive of great dis- 
content. In many places he showed a great ten- 
dency to fantastic and superstitious ideas, and some- 
times also he did not shrink from alchemistic trickery. 
On the other hand, we find in him a good deal of 
comprehension of chemical processes ; for instance, 

'he first drew attention to the doctrine of chemical 
affinity, without, however, employing that expres- 
sion. He sought to explain the decomposition of 
saltpetre and of common salt by sulphuric acid by 
saying that one constituent possessed a greater 
affinity to the other, or, as he put it, ' loved it,' and 
also ' was loved by it.' He also mentions the first 
case of a double selective affinity, the double de-' 
composition between mercuric chloride and anti- 
mony sulphide, and explains it (at least, from his 
point of view) correctly. 

The Gasbs and Watbb. 

^'^ In describing the life of van Helmont, mention 

has been made of his successful study of gases. We 
find in him, indeed, the name ' gas ' used for the first 
time. Before him J. Rey (1630) had described air 
as a heavy substance, finding that a balloon filled 
with air increased in weight when more air was 
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pumped into it, and conversely decreased in weight 
when it was warmed, and so had air driven out of it.^ 
Van Helmont endeavoured accurately to distinguish 
the various gases, but as he could think of no means 
by which to collect them for further investigation, 
his statements are all very vague. He certainly does 
distinguish, on the one hand, air, gaa, and vapour, 
and on the other hand he speaks of gas silvestre, gaa 
pinguiSy gaa aiccum, or gaa ptUiginoaum, but what he 
really understood by these is not very clear. His 
most exact knowledge seems to have been of carbon 
dioxide, for he recognized its formation in fermenta- 
tion and in the combustion of coal, and he also dis- 
covered it in the mineral waters of Spa, and knew 
how to prepare it by treating limestone with vinegar 
or potassium carbonate with sulphuric acid. Among 
other gases, we also find mention in the course of the 
seventeenth century of ammonia. Basil Valentine, 
indeed, had already acted upon sal ammoniac with 
quicklime, but says nothing of the gas given off in 
the reaction ; Glauber used it, however, in a series 
of reactions. 

Although the views of the iatrochemists as to the 
formation of water and its composition wers less 
fanciful than those of the alchemists, yet they do not 
show any essential difference from them. Many 
experiments were carried out to investigate the 
transformation of water into earth, but they did 
not lead to anything specially worthy of mention. 
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The Metals. 

Cionceming the metals, it is to be mentioned that 
in this period there may be noticed advances of 
many kinds, in particular in the simplification of 
the processes of extraction and purification. 
Agricola and Libavius endeavoured to carry out at 
least approximate estimations of tjie amount of 
metal contained in the various ores. The chemical 
preparations which were used in medicine were 
chiefly metallic salts, and a considerable share in 
the extension of the knowledge of this class of sub- 
stances is to be ascribed to this circumstance. 

Concerning the metal zinc, whose alloy with copper 
was known to the ancients, the statements even of 
this period are still very confused. The name ' zinc ' 
is mentioned in various places in the writings of 
Paracelsus, Agricola, and others, but there is no 
accurate information as to what these chemists 
understood by the term. It rather seems as though 
they indicated by this name zinc ore in general. Of 
its compounds, Libavius was acquainted with the 
oxide, and it did not escape his sharp observation 
that»pn heating it a change of colour occurred. 
Zinc sulphate is often mentioned during this period 
under the name Oaiizensteiny but its composition was 
not known. Zinc blende was described by Agriooja, 
not as a zinc ore, but as a useless ore of lead, prob- 
ably so named because it deceived those who wished 
to obtain lead from it (Ger., blendeUy to deceive). 
Glauber obtained zinc chloride as a thick oleum by 
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digesting calamine with concentrated hydrochloric 
acid. He was quite aware of its hygroscopic pro- 
perties, and explains them according to his usual 
opinions by saying that it must be protected from 
access of air, because otherwise ' it attracts much air 
to itself and becomes water.' 

Among the compounds of tin, Libavius mentions 
stannic chloride as a fuming liquid, which he 
obtained by distilling tin amalgam with mercuric 
chloride ; it bore the name spiritua fumans Libavii, 

Among lead compounds, Libavius was acquainted 
with lead nitrate, which he prepared by dissolving 
lead in nitric acid; and Glauber precipitated lead 
chloride from such a solution by addition of hydro- 
chloric acid. The knowledge of the other lead com- 
pounds, such as lead oxide, white lead, lead sulphide, 
etc., underwent no change. In the case of iron, 
also, the opinions remained pretty much the same 
as in earlier times ; steel, which was already known 
to the ancients, was merely considered to be a 
specially pure iron. Agricola knew of the varying 
brittleness of iron, and termed it cold- and red- 
short. Paracelsus showed how iron might be recog- 
nized by means of the sap of galls, and made user of 
this reaction particularly in the case of minera. 
waters. Basil Valentine, and after him Libavius, 
givfc a series of methods of preparation for iron 
oxide ; those of heating the metal and of solution of 
iron in vinegar, with subsequent calcination, are 
quoted as the most important. Ferric chloride wa« 
obtained by Glauber by dissolving iron in hydro- 

4 
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chloric acid as a red mass which liquefied in air ; 
he generally used it in aqueous solution. On alloMVbr 
ing the red mass to stand in contact with potassium 
silicate, he observed a tree-hke formation, which 
was called ' Glauber's iron-tree.' 

Among copper salts, copper sulphate, which had 
long be^i known, and was obtained in earlier times 
from mineral waters, was prepared by van Helmont 
by strongly heating copper with sulphur, and then 
treating with rain-water ; and Glauber obtained it 
by boUing copper with sulphuric acid. How far 
from thoroughly individual compounds were some- 
times investigated may be noticed again in the fact 
that Agricola drew no ea^ential distinction between 
copper vitriol, alum, and iron vitriol. Copper am- 
monium sulphate was prepared by one Stisser at 
Helmstedt (1693) by treating blue vitriol with 
ammonia. That copper can be precipitated by iron 
is mentioned by Basil Valentine, but this process 
was regarded by most chemists as a transformation 
of the metals, although van Helmont and Angelus 
Sala expressed the correct opinion that copper must 
exist beforehand in the solutions from which it can 
be«eparated by iron. 

Concerning the origin and nature of mercury, the 
alchemistic views were still prevalent ; various new 
processes for its artificial preparation were also tried 
(c/. p. 68). Basil Valentine, for instance, used 
mercury prepared from corrosive sublimate and lime, 
and later we find other prescriptions also, though 
most of them involve wrong ideas. Mercury sul- 



OHAP. m.] PERIOD OP lATROCHEMISTRY 61 

phate was employed by the Paracelsian school in 
^medicine under the name of ' mineral turpeth.' In 
later chemists, however, this name is found also for 
other mercury preparations — e.gr., for mercuric oxide ; 
and Libavius even applies the term ' turpeth ' to 
all those substances which are not prepared by 
precipitation, but are obtained by evaporation of 
the solvent and subsequent washing. Mercurous 
chloride was in early times probably mixed with 
corrosive subUmate, for the statements as to the 
relative quantities for the preparation of the former 
are subject to extraordinarily great variations. The 
first exact method of preparation for the substance 
is described by Oswald Croll and Begum, according 
to whom a mixture of sublimate, mercury, and red 
calcined iron is subjected to sublimation. Mer- 
curous chloride was used in medicine under the 
names drago mitigatVfS, mana metdUorumy and mer- 
curius dtUcia. A so-called precipitate prepared from 
mercuric chloride and sal ammoniac was used by the 
iatrochemists as salt of Alembroth. 

During the alchemistic period the separation of 
gold and silver by means of nitric acid was invented ; 
to this method there was added in this period that 
by means of sulphuric acid, which was introduced 
by Agricola. From all appearances, Glauber also 
knew how to separate gold from solution ; what 
reagent he used for this purpose is not mentioned. 
Fulminating gold was the object of various 
thorough investigations ; it was prepared from gold 
chloride solution, and it was also known that the 

4—2 
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presence of ammonium chloride is a necessary con- 
dition for its formation, and that none is obtained 
if potassium chloride is added to this solution instead 
of sal ammoniac, before precipitating with potassium 
tartrate. In addition, the chemists of that time 
knew the property which fulminating gold possesses 
of losing its power to detonate when it is mixed with 
sulphur and then this latter burnt off. In Libavius 
and Glauber there are also statements according to 
which gold was used for colouring glass red. 



Acids, Bases, and Salts. 

The conception of acids became more exact in the 
course of this period. Glauber and Tachenius speak 
of the different strengths of acids, and mention that 
a weak acid can be expelled by a stronger, so that, 
for instance, hydrochloric and nitric acids may be 
set free by sulphuric acid from substances which 
contain them. The use of the term spiritus for 
acids was maintained in this period. Concerning 
their constitution, Sylvius makes some statements 
in which he advances the view that corrosiveness and 
sharpness in them, as in the alkahs, depends upon 
their containing firestuff. 

In van Helmont we meet for the first time with the 
term ' alkali ' ; he speaks of alkali fixum, alkali volar 
tile, etc. The opinions as to their constitution have 
been mentioned above, and since the caustic alkalis 
were prepared by boiling soda or potash with slaked 
lime, this view of Sylvius that they contained fire- 
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stuflf found pretty general recogilition at that time. 
An especially obvious reason for this supposition 
was offered by the lime itself, which takes up fire- 
stuff during its burning, and on slaking gives it up 
again, which was understood by Sylvius as showing 
that the firestuff was set free by water. Van 
Helmont went further, and maintained that the 
lime during burning took up an acid — ^perhaps sul- 
phuric acid — and this caused the heating of the 
water on slaking. Various characteristics for recog- 
nizing alkalis are given — for instance, their effer- 
vescence when treated with acids, and especially the 
disappearance of the characteristic properties of 
acids when they are mixed with alkalis. 

As distinguished from sal alkali as the designation 
of the alkalis and sai acidum as that of acids, the 
salts bore partly the name ' middle salts,' partly 
that of sal salinuSj and to these was added towards 
the end of the seventeenth century the term sal 
neutrale. Although quite at the beginning of this 
period it was well known that the middle salts arise 
from acids and bases, there are yet no indications 
in the writings of the chemists of the time that they 
supposed these substances to be contained in them. 
Not till van Helmont does the view appear that the 
metal is contained in the salt as such, and in un- 
changed form. Glauber also held this opinion, and 
expresses it plainly when he terms butter of anti- 
mony a compound of metallic antimony and hydro- 
chloric acid, and calls it ' spiritus salts in which the 
regvlus antimonii is dissolved.' 
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Glass Mjlnufacturb, Dyeing, etc. 

The manufacture of glass made not inconsiderable 
advances in this period, especially in Upper Italy ; 
in Venice the production of coloured glasses was 
eagerly prosecuted. There exists even a book, De 
Arte Vitraria, published in 1640 by a Florentine 
named Antonio Neri, in which his wide experience 
of glass manufacture is preserved to us. As well as 
the zealously pursued imitation of precious stones, 
there may be especially mentioned the discovery of 
a Saxon glass-blower, named Christoph Schiirer, of 
the preparation of a beautiful blue-coloured glass 
by adding ores containing cobalt to the melt. This 
glass was termed ' smalt ' in commerce. 

The ceramic industry owes to Palissy, who has 
been mentioned above, various improvements in 
the preparation of beautiful and durable glazes or 
enamels upon earthenware vessels. 

The advances in dyeing consist mainly in the dis- 
covery of improved methods for mordanting with 
alum and iron, and for the fixing of dyestuffs on the 
material by means of tin solutions. In the list of 
dyes in use no great increase occurs, in spite of the 
fact that the discovery of America fell in this period. 

Organic Compounds. 

The endeavour to refer the activity of the human 
and animal organisms to chemical reactions soon 
led chemists on (as has been mentioned at the begin- 
ning of this chapter) to the investigation of the indi- 
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vidual products of the animal body, and even 
organic substances in general. The result of this 
was that the number of these compounds experienced 
a considerable increase, although the knowledge of 
their composition still remained extremely incom- 
plete. 

Acetic acid, which had long been known, the 
iatrochemists learnt to prepare in pure condition by 
distillation of verdigris ; Glauber further pointed out 
that the distillate from wood contained a substance 
similar to vinegar. Of salts of acetic acid, those of 
lead were particularly well known, and both the 
basic and normal acetates were employed. 

Although free tartaric acid was not discovered 
till a much later date, various salts of it were known 
to the iatrochemists. Potassium tartrate, called 
tartaritSy was an important substance at this time ; 
potassium sodium tartrate was also known, and 
Mynsicht and Glauber showed how tartar emetic 
niight be made from antimony oxide and potassium 
tartrate. A distillate from potassium tartrate, 
which contained pyrotartaric acid, was used by 
Paracelsus as apiritus tartaric The name ' tartar * 
was often used as a collective name for the salts of 
vegetable acids, so that one finds that potassium 
oxalate, called ' salt of sorrel,' is often meant by the 
term ' tartar.' By the distillation of amber, liba- 
vius and CroU obtained succinic acid. From the 
sap of sour apples and other fruits salts of malic acid 
— ^for instance, the iron salt — ^were prepared ; the 
free acid itself was, however, not yet isolated. The 
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French physician Blaise de Vigenere, towards the 
end of the sixteenth century, discovered benzoic 
acid by sublimation of gum benzoin, and for its 
preparation there exist accurate prescriptions by 
Tmrquet de Mayeme. Paracelsus prepared extracts 
containing tannic acid from galls and from oak- 
bark, and used them, among other purposes, for the 
recognition of iron. No statement is made, however, 
as to the preparation of free tannic acid. Spirits 
of wine were used by Paracelsus extensively for the 
preparation of essences and tinctures ; he also prob- 
ably employed as a drug the mixture of alcohol and 
ether, still used under the name of 'HoflFmann's 
drops.' The knowledge of the preparation of ether 
from alcohol and sulphuric acid soon became for- 
gotten again, and in the knowledge of the compound 
ethers observed by Paracelsus there is also no con- 
siderable advance to be noticed. 



Pharmaceutical Chemistry. 

As a result of the whole tendency of this period 
pharmaceutical chemistry developed in the course 
of it to a marked extent. By reason of the eager 
search for new chemical preparations capable of 
employment as medicines, the apothecaries busied 
themselves more and more with chemical reactions, 
so that in their shops were reared the most important 
chemists of the following period. We shall find this 
in the next chapter in the case of Kunkel, Marggraf , 
GeoflEroy, and especially Scheele. Of inorganic com- 
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pounds the salts in particular found general employ- 
ment in medicine ; potassium nitrate, potassium sul- 
phate, and potassium chloride were used under 
various names ; sodium sulphate, which was ob- 
tained by Glauber from the residue in the prepara- 
tion of hydrochloric acid, and was called sal mirabile 
Olauberi, enjoyed great repute among the physicians 
of the time. Among ammonium salts, sal ammoniac 
and ammonium carbonate were employed, as well 
as ammonium sulphate and ammonium nitrate, 
discovered by Libavius and Glauber. Ammonium 
acetate was discovered by the physician Baymund 
Minderer, and its aqueous solution was used under 
the name spiritus Minder eri as a medicine. Especi- 
ally prized drugs were the preparations of antimony 
prepared and introduced by Basil Valentine. By 
degrees, however, much mischief was done with 
them, so that strict prohibitions were issued against 
their use ; they were brought into acceptance again 
later by the efforts of Sylvius. There found medi- 
cinal use chiefly kermea minerahy the ' sulfaurat,' 
and ' powder of Algaroth.' The preparation termed 
arsenicum fiocum by Paracelsus seems to have been 
white arsenic. Bismuth preparations were also 
dealt with by the apothecaries, the basic nitrate 
being used, for instance, though mainly as a valued 
cosmetic. By the influence of Paracelsus and his 
followers, the use of mercury and its compounds 
came into great favour ; they administered metallic 
mercury in a fine state of division in pills, as well as 
various salts, such as corrosive sublimate, and the 
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basic carbonate and sulphate, both these going by 
the name of ' mineral tnrpeth.' But other chemists 
also increased the number of medicinal preparations 
of mercury, calomel and scd alembroth being prepared 
and used at this time, and all these circumstances 
considerably advanced the chemical knowledge of 
mercury and its coitfpounas. Sala introduced into 
medicine silver nitrate, as ' hell-stone ' {lapis in- 
femaiis), in addition to the salts, silver sulphate and 
silver chloride, formerly known. 

In the description of the advances of organic 
chemistry we have seen that acetic and tartaric 
acids, as well as various salts of these acids, were 
prepared. They were all employed in medicine, 
and were introduced into the apothecaries' shops. 
Especial mention may be made of sugar of lead, 
tartar emetic, and sodium potassium tartrate. 
The distillation product from potassium tartrate, 
termed by Paracelsus spintus tartari, which has been 
mentioned above, also found employment in medi- 
cine. By the action of the juice of sour apples or 
other fruits upon metals, various drugs were prepared 
— for instance, from iron the tinctura martis pomata, 
which is still employed. The ether obtained by the 
action of sulphuric acid from alcohol was sometimes 
used as a medicine under the name oleum vitrioli 
dtdce verum, but was so soon forgotten that it was at 
a later date even unknown to such an able chemist 
as Stahl. It can be plainly seen what a great in- 
crease took place in this period in the number of 
chemical preparations used as drugs, with simul- 
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taneous abandonment of the vegetable extracts 
formerly employed, without reference to their 
chemical composition. 

On the whole, then, the joint labours of chemistry 
and medicine were very fruitful, and increased 
chemical knowledge very considerably in many direc- 
tions. By this means, also, the general comprehen- 
sion of, and interest in, chemical processes was 
advanced in the way which was necessary to intro- 
duce the further development beginning in the next 
period. 



CHAPTER IV 

THE PERIOD OF PHLOGISTIC CHEMISTRY 

During the period of iatrochemistry described in 
the preceding chapter chemistry made its way to 
the position of a respected assistant of medicine ; 
in the present period it went a step further, and made 
for itself an independent position among the sciences. 
For this reason it became possible to increase 
chemical knowledge in the most extensive manner, 
and to evolve the desire of seeking after truth inde- 
pendently. This could not happen so long as 
chemistry was still a mere assistant to other forms 
of training, for under those conditions the direction 
of its labours must necessarily be more or less one- 
sided. 

Henceforth the object of chemistry was fixed : it 
was occupied with the knowledge of the constitution 
and decomposition of substances, with the investiga- 
tion of the phenomena observed in these combina- 
tions and decompositions, with the laws according 
to which these processes occur, and with the deter- 
mination of how far the properties of substances 
depend upon their composition. 

60 
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The Theory of Phlogiston. 

The investigations which chiefly occupied the 
chemists of this period were directed to the investi- 
gation of the nature of combustion, and they led to 
the establishment of the phlogistic theory, with 
which we shall be more particularly concerned 
below. As this theory formed the leading idea from 
^the beginning of the eighteenth century to the great 
researches of Lavoisier on oxygen in 1775, that 
interval of time bears the name of the Phlogistic/ ly^ 
^Fenqd.J The investigations themselves were ir 
general only carried out qualitatively, for onlj 
under these conditions was the phlogistic theorl 
capable of existence ; it fell to pieces as soon as thj 
method of exact quantitative investigation Wi 
introduced by Lavoisier. ' 

Of a date much older than this time is the (pinion 
that combustion caused a destruction or a decomX 
position of the burning substance, that in combustion \ 
something which appears to us as flame separates 
from the burning substance, while the residue 
represents the other constituent of the substance. 
The effort to ascribe to sulphur the principle of com- \ 
bustibility led Sylvius at the end of the iatro '. 
chemical period to maintain that sulphuric acid, ; 
which forms the combustion-product of sulphur^ is 
contained in combustible substances. Kunkel re- . 
garded this as generally true ; Boyle thought it oer- ^ 
tainly probable, but by no means proved : he com- '\ 
pares, indeed, combustion with the acidification of ) 
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sulphur, but supposes the combustible principle to 
be a ' combustible earth.' 

To Stahl is due the most precise expression of the 
views regarding combustion which brought together, 
as one and the same phenomenon, the changes ex- 
perienced by all substances under the action of fira. 
He makes this property of combustibility dependent 
upon a constituent common to all combustible sub- 
stances, which he names ^phlogiston.' The more 
easily a substance shows the phenomenon of com'- 
bustion and the greater the flame, the more phlo- 
giston does it contain. According to this, coal is 
to be regarded as a substance which is distinguished 
by especial richness in phlogiston. The fact that an 
acid is formed in the combustion of sulphur or phos- 
phorus led to the view that these two substances 
were compounds of the acid concerned with phlo- 
giston. If this view is extended to the metals and 
the oxides obtained by heating them, the metals are 
to be regarded as compounds of the oxides with 
phlogiston. Stahl accordingly explains the reduc- 
tion of the oxides to metals by sajdng that in ttiis 
reaction phlogiston transfers itself from a substance 
which is rich in it to one that contains less ; so that 
when a metallic oxide is reduced with coal the latter 
gives up phlogiston to the oxide, which can then 
combine with it to form the metal. It scarcely 
needs to be emphasized that Stahl's theory of com- 
bustion is about the exact opposite to what we now 
understand by combustion. 

Of the advances which chemistry made during 
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this period, the more precise definition of the idea 
of an ' element ' by Boyle deserves especial mention. 
Boyle applies this term to the constituents of com- 
pound substances which can really be prepared, but 
cannot be further decomposed. With this defini- 
tion the possibility, of course, always remains open 
that we may some day succeed in decomposing 
further a substance hitherto regarded as an element. 
On the whole, however, Boyle's definition of an 
element comcides with that now in use. 

It is remarkable, however, that chemists of repute, 
including even Stahl, could not free themselves iu 
many matters from alchemistic ideas ; one even 
finds sometimes an inclination towards the Aristo- 
telian doctrine. 

BlOGEAPHICAL. 

In spite of the fact that the phlogistic period was 
comparatively short — ^for it does not even comprise 
a whole century — ^it was nevertheless rich in im- 
portant chemists, of whom Boyle, Becher, Caven- 
dish, Priestley, and Scheele are the most prominent. 

Robert Boyle' was bom in 1627 at Youghall, 
county Cork. In his youth he travelled through 
France, Switzerland, and Italy, passing two years at 
Geneva, where he pursued his first chemical studies, 
In the year 1664 he moved to Oxford ; after 1668 
he lived in London as President of the Royal 
Society, and he died there in 1691. His nobility 
and modesty of character, so opposed to external 
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display, when compared with the almost shameless 
vanity of a Paracelsus, present a contrast scarcely 
to be paralleled. His services in the development 
of chemistry were chiefly in the direction of the 
investigation of the gases ; it was he who first ex- 
pressed the law of the simple relation between 
pressure and volume in gases (pxv= constant). 
Applied chemistry also, especially the analysis of 
chemical compounds and pharmaceutical chemistry, 
owes to him, as we shall see later, considerable exten- 
sions. Boyle left many writings, which give us 
pleasure by their simple style and clearness of ex- 
pression ; they stand in the closest relation with his 
character, and in the sharpest contrast to the 
mystic modes of expression of the alchemists. 

Nikolaus Lemery, who was bom in 1646 and 
died in 1716, followed Boyle closely in his theoretical 
views ; his chief contribution to the advance of 
chemistry was his endeavour to make it as generally 
accessible as possible ; and to this end his Cours de 
Chymie, published in 1676, contributed not a little. 
For a long time this work was the best text-book of 
chemistry, as is strikingly proved by the fact that 
thirteen editions of it appeared during Lemery's 
lifetime. 

s Johann Kunkel was bom in 1630 at Rendsburg. 
He was at first an apothecary, and later took to 
alchemy. Although he was fully convinced of the 
possibility of the transmutation of the metals, his 
honest character is repeatedly evidenced by his 
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various exposures of the trickery of his alchemistic 
contemporaries. He led a troubled life as alchemist 
in the service of various Princes, and died at Stock- 
holm in 1702. His chief services to the science were 
the advancement of experimental chemistry and 
practical chemical knowledge in general. 

\ Johann Joachim Becher, bom at Speyer in 
1636, sought in theoretical questions to revive the 
views of Basil Valentine and Paracelsus ; in other 
respects he was, like Kunkel, an alchemist, and 
practised as such at various European Courts, such 
as Mayence, Munich, and Vienna. His views on 
combustion, on which Stahl's phlogistic theory was 
mainly founded, have already been mentioned at 
the beginning of this chapter. 

Georg* Ernst Stahl/bom at Ansbach in 1660, 
devoted himself at first to the study of medicine ; 
in 1693 he was called to the professorship of medicine 
and chemistry at HaUe. His occupation with 
chemistry sprang solely, as all his works show, from 
an eager desire to investigate the truth. Although 
his theory of phlogiston was built, in default of 
quantitative investigation, upon completely false 
ideas, yet his sharp powers of observation (which 
were necessary in order to treat this theory as 
generally as possible) contributed much to the 
advancement of chemical knowledge. In the year 
1716 he became J^ody-physician to the King of 
Prussia at Berlin, and he lived there till his death 
in 1734. Several of the most important chemists 

6 



^ 



66 filSTORY 01^ CflEMlSTR^ Ifabti. 

of this time proceeded from his school ; as such may 
be named Black, Cavendish, Marggraf, Scheele, 
Bergmann, and Priestley. 

Friedrich Hoffinann was bom at Halle in the 
same year as Stahl — 1660. He studied medicine, 
mathematics, and natural science in his native town, 
and was afterwards Professor of Medicine at the 
University there. He fought the erroneous views ' 
of the iatrochemists Sylvius and Tachenius with 
particular success. In the main his work bene- 
fited medicine, and pharmaceutical and analytical 
chemistry. Although his ideas upon combustion 
followed those of Stahl, his opinions on the reduction 
of the metallic oxides differ considerably from 
Stahl's, approximating more to those held at the 
present day. For a time he worked in Berlin, but 
died in his native town in 1742. 

Hermann Boerhave,^ who was bom at Voor- 
hout, near Leyden, in 1668, and died at Leyden in 
1738, studied at first theology, but soon turned to 
medicine, and occupied himself particularly with 
chemistry. In 1709 he became Professor of Medi- 
cine, Botany, and Chemistry at Leyden. We possess 
a large text-book of his, Elementa Ghemice, which 
appeared in 1732. In his case also we find, as in 
that of his contemporary Hoffmann, views upon the 
metallic oxides which differ from those of Stahl. 

The last weU-known chemist to maintain the 
phlogistic system in Grermany was Andreas Sigris- "^ 
mund Marg'graf, who was bom in 1709 and died 
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V 

in 1782. At first an apothecary, he soon gained 
wide chemical knowledge by zealous study at the 
HochschuUn of Frankfurt on the Oder, Strassburg, 
and Halle, and at the Freiberg School of Mines. 
He accepted completely the views of his teacher 
Stahl, and could not free himself from them, although 
he observed himself, in his investigations on phos- 
phoric acid, that the transformation of phosphorus 
into phosphoric acid is accompanied by an increase 
in weight. He also carried out extensive investiga- 
tions on the sap of the beetroot, and succeeded in 
proving the presence of sugar in it. 

Besides these German phlogisticians there were 
also some of French, English, and Swedish nation- 
alities. 

^ Stephen Francis Geoflfroy the elder, bom in 
Paris in 1672, was the son of an apothecaiy, and 
^ studied chemistry and medicine. In 1 7 1 2 he became 
Professor of Medicine at the Jardin des Flantes in 
Paris, and died in the year 1751. His investiga- 
tions mainly concerned the doctrine of chemical 
affinity ; their results ^ere put together in his 
Tables des Rapports. 

'* V His pupil, Duhainel de Monceau/ who was 
bom in 1700 and died in 1781, occupied himself 
deeply with the appUcation of chemistry to agri- 
culture and manufacture. His investigations also 
• furthered the advance of pure chemistry ; for 
, instance, he was the first to prove the difference 
between caustic soda and caustic potash. He pre- 
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pared the former from common salt, and found it 
to be the base of common salt, borax, Glauber's 
salt, and soda. The first proposals for the arti- 
ficial preparation of soda from sodium chloride are 
also due to him. 

John Francis Rouelle (1703-1770) was active 
during this period chiefly as a teacher of chem- 
istry. Lavoisier and Proust were among his pupils. 
He is distinguished by his sharp powers of 
observation, which enabled him to define the idea 
of a ' salt ' (p. 88). His papers on this subject were 
pubUshed in 1746 in the Memoires de lAcademie 
Frangaise, Another teacher of this period at the 
Jardin des Plantes was Peter Joseph Macquer, 
and various text -books are due to him. His 
other work is more related to applied chemistry, 
especially to the improvement of the porcelain 
manufacture and of dyeing. 

Joseph Black, born in 1728, was Pi^fessor 
first at Glasgow and later at Edinburgh. His 
various experiments upon carbon dioxide and its 
compounds with the alkaUs and alkaline earths are 
marked by the greatest acuteness. Physics also owes 
to him the discovery of ' latent heat.' As Black 
always paid great attention to quantitative investi- 
gations, it is easy to understand that when the 
discovery of oxygen had furnished the correct 
explanation of combustion he gave up his phlogistic 
views and adopted the doctrine of Lavoisier. He 
died in the year 1799. 
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Henry Cavendish, bom at Nizza in 1731, 
devoted Iiimself mainly to physical and chemical 
research. He was the discoverer of hydrogen, 
which he called ' inflammable air.' He proved that 
water is composed of hydrogen and oxygen, and 
that air is a mixture of nitrogen and oxygen of 
constant composition, and he also showed that 
nitric acid is formed by the combination of these 
two gases. Although he contributed so much by 
these investigations to the faU of the phlogistic 
theory, he himself could not decide to change his 
views in this connexion ; he contended against 
Lavoisier's theory of combustion until his death 
in London in 1810. ^ 

Joseph Priestley, bom at Fieldhead, near 
Leeds, in 1733, led, unlike Black and Cavendish, 
an unsettled life, full of vicissitudes and persecution. 
This was due as much to his personal intolerance 
as to his peculiar attitude towards the Church, 
for, ai theologian by profession, he dealt with scien- 
tific questions in his preaching. His work con- 
tributed greatly to the advance in the knowledge of 
the gases. In 1774 he discovered oxygen, although 
his beautiful experiments with this gas did not lead 
him to a correct understanding of the process of 
combustion ; on the contrary, he was, tiU his death 
in 1804, one of the most zealous supporters of the 
phlogistic theory. This is the more difficult to 
comprehend, since he describes the circulation of 
oxygen in the organic world through the metabolism 
of animals and plants in[the correct manner. 
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V Torbern Bergrmann, professor of physics, min- 
eralogy, and chemistry, was bom in 1735 at 
Elatherinenburg in West Grothland. His mOst im- 
portant services to chemistry lay in the domain of 
aaalysifl. the systematic treatment of which he 
extended by important new methods. Bergmann 
also brought the views upon chemical affinity to 
a greater clearness than had obtained before his 
time. Excessive work with a naturally weak 
constitution caused his death at the age of only 
forty-nine. 

Carl Wilhelm Sche^le, one of the most dis- 
tinguished chemists of all times, was bom in 
1742 at Stralsund, which then belonged to Sweden. 
At the age of fourteen he began his career as an 
apothecary, and practised that calling at Gothen- 
burg, Malmoe, and Stockholm. In the peace of 
his apothecary's shop at Koping, Scheele discovered 
successively chlorine, oxygen, and baryta. Un- 
fortunately he also could not shake himself free from 
the bonds of the phlogistic theory, and so it hap- 
pened that although he was incomparable in observa- 
tion and comprehension of facts, he often met with 
misfortune in working out their meaning. Among 
his other work may be mentioned his investigations 
of manganese dioxide, and of the formation of 
potassium nitrite and oxygen when saltpetre is 
heated. He died in 1786 at the age of forty-four. 
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In the knowledge of gases, which was considerably 
extended by the researches of van Helmont in the 
preceding period, a considerable advance is also to 
be noted in this period. In the accounts of the 
lives of the individual chemists of the time references 
have already been made to the discovery of various 
gases — e.gr., oxygen, hydrogen, etc. Even before 
their discovery one sometimes finds the view appear- 
ing that the air is a mixture of two gases, and the 
researches upon the respiration of men and animals 
leSr also to a sharp distinction between atmospheric 
air and the gas now known as carbon dioxide, 
which was then termed ' poisoned air ' or ' fixed air.' 
Complete clearness in this connexion was brought 
by the discovery of oxygen, which was isolated by 
Priestley on August 1^ 1774, and also independently, 
by another method, by Scheele about the same time. 
Priestley prepared it first by heating mercuric 
oxide, and afterwards also, as a check upon his 
experiments, by heating red lead. He recognized 
oxygen as a gas not absorbed by water, and capable 
of supporting extraordinarily vigorous combustion. 
Scheele's starting-point for the preparation of 
oxygen was black oxide of manganese, which he 
heated with phosphoric or sulphuric acid. He also 
found that the gas evolved on heating saltpetre is 
identical with that obtained from manganese 
dioxide. The further investigations which he 
carried out with this gas soon led to its recognition 
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aa the substance which waa the active principle in 
respiration and combustion. Its discoverers, how- 
ever, did not agree with this view. We have abeady 
seen that both Priestley and Scheele were supporters 
of Stahl's phlogistic theory till their deaths, and so 
it is not remarkable that they explained the reactions 
of this gas also in that way. JProm Priestley it 
^ obtained the name of ' dephlogisticated air/ while 
Scheele called it ' fire-air.' 

Carbon dioxide was also subjected to thorough 
investigation, which resulted, as has been mentioned, 
in the recognition of its essential difference from 
/ atmospheric air. Black first expressed this opinion, 
and the term * fixed air ' is due to him ; "he also 
recognized its formation in the burning of coal, in 
the fermentation of liquids containing sugar, in the^ 
respiration of men and animals, and in the reaction 
between alkalis (alkaline carbonates) and acids. 
He further observed its power of giving compounds 
with caustic alkalis and with lime, a reaction 
which he compared with the neutralization of the 
alkalis by an acid.v Further contributions to the 
knowledge of this gas are due to Cavendish, who 
observed that when it was passed into lime-water it 
gave a precipitate at first which dissolved if the 
passage of gas continued. This formation of the 
compounds which we now term bicarbonates was 
employed by him for the explanation of a point 
of great interest at that time — ^that natural waters/ < 
dissolve earth, but deposit it again on boiling'iSyv ^ 
The characterization of fixed air as an acid, which^^ I 
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had not been made by Black, is due to Bergmann, 
who observed that carbon dioxide dissolved in 
water acted as a solvent upon iron, zinc, and also 
(as Cavendish had found) upon calcium carbonate. 
Divergent views prevailed as to the constitution of 
carbon_dii2xide ; it^wcfc^ by some regard ed as p hl ogi s t i- 
cated hydrochloric acid, by others as a modification 
of sulphuric or nitric acid- The opinion which came 
nearest the truth was that it was a compound of 
oxygen and phlogiston. In that case, phlogiston 
would be equivalent to carbon, but the supporters 
of the phlogistic theory did not succeed in expressing 
this. 

The old and deep-rooted notion that water could 
be turned into earth or stone still influenced almost 
the whole of this period. Although various workers 
expressed a different opinion, they had Uttle chance 
while men like Boyle and Geoffroy still maintained 
the possibility of such a transformation. Le Boy 
considered the earth left behind on the distillation 
of water to consist of substances dissolved in it ; 
Scheele investigated this re^due more closely, and 
found in it silica and lime, f A change in these views, 
as also in those of the constitution of water generally, 
was effected by the discovery of hydrogen by 
Cavendish.) As has been mentioned several times, 
we find in earlier periods many statements which 
show that hydrogen had been observed as a gas 
evolved on solution of iron in acids, but that it was 
not held to be a particular gas, being partly con- 
fused with carbon dioxide and partly regarded as air. 
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Turquet de Mayeme, and after him Boyle and 
Lemery, probably knew of its inflammability, and 
by thTl^Uevers in phlogiston it wa. regarded as 
the phlogiston of the metals, being even some- 
times considered identical with phlogiston. It was 
Cavendish who first showed this gas to be a peculiar 
kind of air. The accurate investigation which 
Cavendish carried out upon hydrogen led in the 
first place to the determination of its specific 
gravity, which he found to be y^ *^** ^^ ^^^ ^^ 
(the correct figure being ^). He further examined 
its power of exploding, and found that this property 
is not observed in the case of pure hydrogen, but 
"spears as soon as it is mixed with air or oxygen. 
In 1776 Macquer and De la Meth6rie observed 
that a liquid resembling water is formed in the com- 
bustion of hydrogen, but they did not consider it 
to be water, regarding it, indeed, as the acid em- 
ployed in the generation of the hydrogen. Caven- 
dish, on the contrary, maintained that this liquid 
was water, and his contention was completely con- 
firmed by Lavoisier's re-examination of the matter. 
In this way the composition of water was proved, 
and Lavoisier gave also an analytical proof of it 
by carrying out its decomposition by passing steam 
over red-hot iron. The quantitative determination 
was carried out by the same chemist in 1786 ; he 
found water to consist of 22^9 volumes or 13-1 
grammes hydrogen, and 12 volumes or 86*9 grammes 
oxygen. These values are very near to the true 
composition- (24 volumes hydrogen to 12 volumes 
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oxygen, or 11*11 grammes hydrogen to 88*89 

grammes oxygen). 

/l\ The results of these discoveries, investigations, 

\ and observations upon hydrogen and water were, as 

' was of course to be expected, received with great 

scepticism by the chemists of the time. The notion 

; of the elementary nature of water was, in fact, so 

deeply rooted that it could not be upset in a short 

time even by exact analyses. Eveq^ Pnestley^was 

in the year 1800 still not convinced-'t£at water is 

a compound substance, and still considered the 

product of the combustion of hydrogen to be nitric 

^ acid. As late as 1801 we find Ritter trying to 

^ maintain the elementary nature of water, and 

describing (by reason of the electrolysis of water) 

oxygen as water with negative, and hydrogen as 

water with positive, electricity. This view also was 

vanquished in time by the investigations which 

Lavoisier had made. 

As the views concerning the composition of water 
became clearer in this period, so also did those 
concerning air. 

In earlier times various opinions were expressed 
as to the composition of the air, but as it seemed 
desirable not to mention these in the accounts of 
those periods we must here go back a little. 

Mayow describes very fully the behaviour of air 
in respiration in his TrackUua de Respiratione ei de 
Raehitide (1668) and in the TrcuiaJtua Quinque 
Medico^hyaici (1669), and he comes to the con- 
clusion that not all the air takes part in respiration 
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and combustion. He further discovered that the 
air which remains after a combustion is somewhat 
lighter than common air, that it will not support 
combustion, and that it is not absorbed by water. 
He carried out its preparation by conducting the 
combustion in closed vessels over water, so that of 
course the carbon dioxide formed was absorbed by 
the water. Boyle had occupied himself with the 
investigation of the calcination of metals in closed 
vessels, but neglected to examine more closely the 
residual air ; this was repeated in 1710 by Hawkslee, 
who found that this gas would not support life, 
and also noticed that it extinguished flames. This 
kind of air was regarded by Mayow and others (in 
opposition to Boyle) as ' nitrous,' and the residue 
after combustion was called 'nitrous air.' In 1772 
Rutherford recognized the gas to be a peculiar 
kind of air, and Priestley, Scheele, and Lavoisier 
subjected it to thorough investigations. These 
confirmed Mayow's statements as to its weight and 
other behaviour. In the course of time various 
other methods of preparation were discovered : 
Berthollet in 1791 obtained it by heating animal 
tissues with nitric acid, while as early as 1788 
Fourcroy had found it in the air-bladders of fishes, 
and had recognized it as a general constituent of 
all animal substances. Various names were applied 
to the gas : Mayow and others called it ' nitrous 
air '; Priestley, in 1776, gave it the name ' phlogisti- 
cated air '; Scheele, in 1777, ' mephitic air ' ; Chaptal, 
after the discovery of its presence in nitric acid, 
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proposed the name * nitrogSne ' ; Fourcroy, after 
the discovery that ammonia could be obtained from 
it under certain conditions, suggested ^ alcaligene ' ; 
Lavoisier called it at first 'mofette atmosph^r- 
ique,' but later (1787) 'azote,' in order to give 
prominence to its suffocating properties. The pre- 
vailing views as to the constitution of this constituent 
of the air were very confused. Priestley and inost 
of the followers of the phlogistic theory regarded it 
as oxygen or air saturated with phlogiston, as indi- 
cated by the term * phlogisticated air.' Cavendish 
regarded nitrogen as phlogisticated nitric acid, for 
he found that nitric acid is formed by the union 
of nitrogen and oxygen. Clear ideas only appear 
with the opponents of the phlogistic theory, an 
account of whom will be given in the Second Part, 
/in the biography of Scheele reference has abeady 
been made to the discovery of chlorine by this 
chemist.j His researches on manganese dioxide, 
which led him to the isolation of oxygen in 1774, 
gave occasion to this discovery also in the same year. 
In digesting manganese dioxide with hydrochlorid 
acid, Scheele observed a smell like aqua regia, 
and therefore collected the gas evolved in this re- 
action separately. On closer examination he found 
that it possessed an intense yellow colour, that it 
destroyed vegetable dyes in such a manner that they 
could not be restored by the action either of acids 
or alkalis, that cinnabar (mercuric sulphide) was 
turned into corrosive sublimate by its action, that 
it vigorously attacks all metals, including even gold, 
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and that animals suffocate and flames are ex- 
tinguished in it. Other observers noticed the 
solidification of the damp gas when cooled, but it 
was not discovered till later that the solid substance 
formed is not chemically identical with the gas. 
One Westrumb also observed in the year 1789 the 
incandescence which the metallic sulphides, as well 
as bismuth, antimony, and other metals, show in an 
atmosphere of chlorine. The gas was termed in 
England ^ dephlogisticated marine acid ' (* marine 
acid ' being the name at that time used for hydro- 
chloric acid). This nomenclature was proposed by 
Scheele, who supposed that in the reaction between 
hydrochloric acid and manganese dioxide the 
phlogiston of the acid was given up to the manganese 
dioxide, and that the ga^ evolved was therefore 
hydrochloric acid (marine acid) minus phlogiston. 

SULPHUE AND ITS COMPOUNDS. 

When it had been observed that sulphuric acid 
arises in the combustion of sulphur, the earlier view 
which saw in sulphur the principle of combustibility 
was modified, and it came to be regarded as a com- 
pound of sulphuric acid with the combustible 
principle. Then Stahl set up his theory of 
phlogiston, and it became obvious that, if this view 
were taken, sulphur must be considered to be a 
compound of phlogiston with sulphuric acid. This 
opinion formed, indeed, one of the mainstays of 
Stahl's phlogistic theory. What idea Stahl had of 
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this compound is most clearly shown by the fact 
that he ascribed to sulphur a constitution analogous 
to alum or vitriol, regarding it therefore as a kind 
of phlogiston sulphate. He and his followers were 
strengthened in this opinion, especially by the 
frequent and easy formation of sulphur in various 
chemical processes, as, for instance, in the treatment 
of concentrated sulphuric acid with oil of turpentine, 
or in the rotting of wormwood leaves in a solution 
of sodium sulphate (Glauber's salt) : these observa- 
tions were made in 1769 by the brothers Gravenhorst 
at Brunswick. AU these phenomena were therefore 
practically in very good agreement with the phlo- 
gistic theory, and so it is not by any means remark- 
able that Boyle's observation that sulphur might 
be a constituent of sulphuric acid, and the declara- 
tion of Mayow that this really is the case, remained 
quite unnoticed. A change in these views only 
occurred when Lavoisier invoked the assistance of 
the balance. On quantitatively investigating the 
combustion of sulphur he found that the latter 
increases in weight, and he correctly ascribed this 
increase in weight to the circumstance that by the 
combustion of sulphur a compound with air — ^that 
is to say, oxygen — ^had been formed. To confirm 
this view he decomposed oil of vitriol by heating it 
with mercury, and determined the gas. evolved to 
be a mixture of sulphurous acid and oxygen. He 
was also able to prove that the sulphurous acid 
consisted of sulphur and oxygen, and that it there- 
fore forms an intermediate substance between 
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sulphur and sulphuric acid. Sulphurous acid was 
also regarded by the believers in phlogiston as an 
intermediate substance between sulphur and sul- 
phuric acid, but according to their ideas the relations 
were that sulphurous acid was a compound of sul- 
phuric acid with a little phlogiston, and sulphur 
a similar compound with more phlogiston. La- 
voisier's quantitative investigations of the com- 
bustion products of sulphur furnished on the 
principles of his theory of oxygen the proof of the 
elementary nature of sulphur, and at the same time i 

robbed the phlogistic theory of one of its most 
important supports. 

It was known to the alchemists, as has been 
mentioned above, that sulphur dissolves in caustic 
alkalis, and can be precipitated again by acids. 
The gi however. wMch is evolved hi this Lotion 
was not paid much attention to, and where men- 
tioned is only referred to as sulphurous vapour. 
Rather more notice was taken of it in the course of 
this period, and in particular its various properties 
were subjected to closer investigation. Its inflam- 
mabihty was discovered by the apothecary Meyer, 
of Osnabriick, and is described by Rouelle, and in 
addition various chemists mention its power of 
forming precipitates with certain metallic solutions. 
Scheele states that water absorbs it and becomes 
possessed of its smeU, that it deposits sulphur on 
standing in the air or when nitric acid or chlorine 
act upon it, and that sulphur and hydrogen are 
formed when it is strongly heated. He prepared it 
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from the sulphides of calcium, and also by treating 
manganese sulphide or ferrous sulphide with sul- 
phuric acid, and he called it ' air of liver of sulphur.* 
Other chemists termed it * stinking sulphur-air,' 
' hepatic air,' or ' sulphuretted iiydA)gen ' (hydroghte 
stdfure). 

The followers of the phlogistic theory supposed 
this gas to consist of sulphur, phlogiston, and heat ; 
phlogiston in this case is to be considered as 
identical with hydrogen. How confused the pre- 
vailing opinions were on this subject is shown by 
the fact that sometimes the view is found main- 
tained that sulphur is not directly contained in the 
gas, but is only carried up with the vapour, so that 

^ it may be removed by washing with water. Kirwan 

even doubted whether it really contained hydrogen. 

It did not escape the keen observation of Scheele 

that when much sulphuric acid was added to a 

^ solution of liver of sulphur (potassium sulphide) the 
gas described above was not obtained, but an oil 
was precipitated instead ; he was not, however, 

^ clear as to the constitution of this compound, which 
is now known as hydrogen persulphide. Carbon 
disulphide (at lea^t, in the form of vapour) was also 

f obtained by Scheele by heating carbon with sulphur. 
Its preparation in the liquid state and its accurate 
investigation do not fall, however, in this period. 
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Phosphorus. 

(jn the period of transition from that of iatro- 
chemistry to that of the phlogistic theory occurs 
also the discovery of phosphorus. \ It is not clear 
to whom the honour of its first preparation is really 
due. One Dr. Brand, of Hamburg, and the chemist 
Kunkel both described it about the same time, but 
whether the work of Kunkel was independent of 
Brand's was a point of contention at an early date. 
Kunkel himself makes no claim of priority in any 
of his writings, so that it rather seems as though 
this was ascribed to him by his pupils. The prepara- 
tion of phosphorus was carried out, according to 
the statements of these two workers, by strongly 
heating a mixture of evaporated urine and sand. 
In time other modes of preparation were foimd out, 
such as those from various plants ; we find accounts 
of these in Marggraf , who describes its formation 
from mustard, the seeds of cress, and from wheat. 
Whether its formation from calcium phosphate, so 
important for its technical preparation, was dis- 
covered by Scheele or by Gahn is also doubtful. 
In any case, the reaction is first mentioned in Scheele. 
The term ' phosphorus ' (fire-bearer) was given it 
from its property, naturally very soon noticed, of 
shining continuously in the dark. 

It was also known at an early date that when 
it is burned in the presence of water an oily product 
is formed, the acid properties of which were 
pbserved by Boyle, and this observation led for a 
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time to the opinion that it was nothing but sulphuric 
acid. Stahl considered it, on the contrary, to be 
a compound of phlogiston and hydrochloric acid, 
explaining the presence of the latter by the high 
percentage of common salt in urine. 

According to these phlogistic views, phosphorus 
would be a compound of phlogiston with the acid 
produced in its combustion ; and since this latter 
consists, according to Stahl, of phlogiston and 
hydrochloric acid, it follows that phosphorus is a 
compound of very much phlogiston with a little 
hydrochloric acid. In fact, one does find the view 
maintained that an artificial production of phos- 
phorus would be possible by mixing hydrochloric 
acid and phlogiston in the right proportions. 

Acids, Bases, ajsd Salts. 

Opinions upon the conception of acids underwent 
various changes in this period. Boyle defined them 
by their solvent properties, by their formation of 
so-caUed ' middle salts,' and by their power of 
precipitating sulphur and other substances from 
solution in alkalis, and of changing v^etable 
c6lours or reproducing such as had been changed 
by alkalis. In the preceding period the view had 
developed that the different acids were of different 
strengths, but in 1732 Boerhave supposed, on the 
contrary, that all acids possess the same strength, 
and that the apparent difference in this respect 
between acetic and sulphuric acids was due to a 

6—2 
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different oontent of water in the two substances. 
This view was founded on the observation that 
equal quantities of different acids always saturated 
the same amount of alkali. Hellot,in 1736, divided 
acids into mineral, vegetable, and animal acids, and 
so termed hydrochloric acid, sulphuric acid, and 
nitric acid acidea mineraux, in contradistinction to 
formic acid (prepared from ants), which he reckoned 
among the animal acids. Upon the constitution of 
the acids Stahl's opinions were more or less domi- 
nant during the whole period. As Stahl regarded 
acids, bases, and middle salts all as salt-like com- 
pounds, he saw in the strongest acid the very tjrpe 
of a salt. On this account sulphuric acid repre- 
sented to him the only fundamental principle of 
salts, producing the innumerable other saline mix- 
tures of less simple type by combining with various 
other substances not of a saline character. This 
mineral acid, however, according to Stahl, was only 
an elementary substance of the second order, and is 
itself produced by the combination of elementary 
water and elementary earth. 

Nitric acid he regarded as the primitive acid 
changed by putrefaction and mixed with phlogiston, 
while hydrochloric acid was the primitive acid 
diluted with a mineral principle. As to what con- 
ception is to be formed of the primitive acid which 
these explanations presuppose, no clear idea seems 
to have prevailed among the chemists of the time. 
Stahl himself sought for some time to identify it 
with phosphoric acid, but he afterwards gave up 
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this opinion. From the nature of the case, this 
view must also lead to the belief in the possibility 
of transforming hydrochloric, sulphuric, and nitric 
acid into one another. 

As this notion of a primitive acid lent itself to 
generalization, Stahl endeavoured to explain the 
constitution of bases also in this way. He thought 
to effect this by the supposition that in bases the 
proportion of primitive acid is very smaU, being 
smaller the more alkaline they are. In this way 
he explained, for instance, that cream of tartar 
becomes alkaline on treatment with Ume because 
primitive acid is removed from it by the latter. 
When Boerhave maintains in opposition to this 
explanation that the caustic properties of lime only 
proceed from fire, it seems as though he would 
explain the causticity of potassium bitartrate 
treated with lime as due to an absorption of fire- 
stuff. Whether Boerhave really was of this opinion 
cannot be said with certainty, for his statements on 
this point are very indefinite ; in any case, this 
explanation would be the exact opposite to Stahl's, 
for he sought to explain the alkalinity by the loss 
of a hypothetical substance, while Boerhave ascribed 
it to the absorption of one. As up to this time 
chemists had quite neglected the gas evolved on 
solution of some alkalis in acids, no distinction had 
hitherto been made between those alkahs which 
dissolved in acid with effervescence, and those which 
gave no such effervescence. In the course of this 
period, however, attention was paid to this difference 
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of behaviour, and two different opinions were ad- 
vanced to explain it. One is due to Bkck, and 
rests upon exact quantitative investigations, princi- 
pally executed with lime and magnesia. The other 
was originated by the apothecary Johann Friedrich 
Meyer, of Osnabriick (c/. p. 80), and is permeated 
with phlogistic theories. It is, therefore, not re- 
markable that the latter view found more adherents 
than that which rested upon Black's exact investiga- 
tions. The latter was able to prove quantitatively 
that if he calcined magnesia alba in weighed amount, 
so that it dissolved in alkalis without effervescence, 
and then precipitated the magnesia alba again from 
this solution with potassium carbonate, its amount 
agreed with that taken at the beginning. It was 
also shown in this investigation that when the 
carbonates of lime and magnesia are calcined, the 
gas evolved is identical with that evolved when these 
substances are dissolved in acids. Against this 
Meyer maintained the view that limestone, when 
heated, only lost water, and that it took up firestuff 
from the substances whose combustion was heating 
it, and that it was this latter which made it caustic. 
According to him, effervescence with acids is a general 
property of the alkalis, which they lose on heating 
simply because they absorb firestuff which is 
simiUu* to an acid. The firestuff itself Meyer 
termed a>cidum pingue, a name which was subjected 
to various changes by other phlogistic chemists. 
Meyer considered then the caustic alkalis to some 
extent as salts of alkali and acidum pingttej from 
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which this acid might sometimes be expelled again 
even by water. In this way was to be explained the 
heating of quicklime when treated with water, and 
as this behaviour of lime is not explained by Black's 
views it also formed a ground for the preference of 
Meyer's explanation at that time. The increasing 
importance of quantitative investigations, which 
even towards the end of this period were continuaUy 
gaining ground, was more than the theory of Meyer, 
the whole structure of which was of a purely 
qualitative nature, could withstand, and Lavoisier's 
thorough investigations finaUy decided the contro- 
versy which had arisen upon the matter in favour 
of the adherents of Black's theory. 

Hand in hand with these theoretical developments 
went also an augmentation of the experimental 
material. In the course of this period several so- 
called ' earths ' were discovered, which from their 
chemical properties, such as stability towards heat 
and insolubility in water, were soon seen to be 
closely related to the alkalis. Marggraf discovered 
alumina in 1754; Scheele, in 1774, baryta; and by 
the year 1782, in addition to these, magnesia, lime, 
and siUca were distinguished as simple kinds of 
earths. 

Many chemists occupied themselves with the 
question as to whether the alkali contained in wood 
ashes is only formed in the combustion, or is pre- 
viously present in the wood. The Erench chemist 
Bourdeleine sought to show (1727 and 1730) that 
in wood the alkali is combined with an acid which 
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is destroyed in the burning, and so the alkali is 
set free. This view was opposed by Stahl, for he 
had found that the extract of a certain amount of 
wood gave more alkali after evaporation and com- 
bustion than a similar amoimt immediately burnt. 
The explanation of this he believed to be that the 
constituents of the alkali in wood are too widely 
separated, and get driven off by the fire separately 
before they can combine to form the alkali. 
Marggraf, in 1764, brought valid experimental proof 
of the pre-existence of alkali in plants. He showed, 
in fact, that the presence of fixed alkali in a natural 
vegetable extract obtained without previous com- 
bustion, such a^ tartar or salt of sorrel, could be 
proved from its yielding saltpetre when treated 
with nitric acid. 

The year 1744 brought a sharper definition of 
the term ' salt ' from Bouelle. Up to that time the 
principal characteristics for salts had been taste 
and solubility. The solubility was deemed so 
important that, for instance, the potassium sulphate 
which separates at once when oil of vitriol is treated 
with strong potash was held to be different (on 
account of its supposed insolubility) from that 
slowly crystallizing from dilute solutions ; indeed, 
it was not even reckoned among the salts. BoueUe 
gave the name ' middle salt ' to every compound of 
an acid with a base. In this way he placed with 
tb6 salts a number of compounds which were not 
numbered among them according to the prevailing 
views just described — ^for instance, calomel and 
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chloride of lead. Besides this, however, Bouelle 
divided the various salts into neutral, acid, and 
basic salts. In the neutral salts the base is just 
saturated with the acid, in the acid salts there is 
an excess of acid present, while the basic salts 
contain less acid than the base requires. Although 
his papers containing these ideaa include many 
errors, they have, nevertheless, formed the ground- 
work for our present views upon this matter. One 
of these errors, for instance, was that in his sub- 
division into the three groups he was not able to 
throw aside solubility as a test. On the contrary, 
he sought to recognize salts by their different 
solubiUties, considering a>cid salts as the most, and 
basic salts as the least, soluble. Bergmann bore the 
chief share in building up Bouelle's conception, 
and in opposing the objections to it that were 
brought forward, chiefly by Baum6. After Berg- 
mann there came in the next period Berthollet, who 
also proved that in the various salts all the con- 
stituents are chemically united. Bergmann also 
successfully combated Stahl's view that only 
reguline, not calcined, metals could unite with acids 
to form salts, a process in which phlogiston was, of 
course, supposed to play a part. To Stahl is due 
also the term ' double salt,' but it was not used 
by him in its present sense ; it signified the same 
thing as middle salt. This system led to potassium 
sulphate being termed a double salt. 

In this connexion it remains to be mentioned 
that, while working at a method for obtaining 
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potassium carbonate in crystalline form, one Cart- 
hauser, in 1767, discovered the acid carbonates 
(bicarbonates) of the alkalis. 



Chemical Industry. 

/into this period also fall the successful endeavours 
/of various chemists, such as Boyle, Kunkel, Marg- 
/graf, and Macquer, to apply to industrial ends 
/ scientific knowledge of chemical reactions. Here. 
I *^®5^or?2__wfL findthe^ beginnings of chemical 
I manufacture.. As early as the middle of th e 
eighteenth century a distinction was drawn by 
chemists between pure chemistry and technical 
chemistry ; this is most plainly shown by the 
appearance at that time of a Series of tezt-books 
and manuals upon the various branches of technical 
chemistry. The successful rise of chemical manu- 
facture had, of course, to be preceded by the 
accurate working out of practical analytical methods. 
One of the best proofs of the general demand for 
such methods, chiefly for use in metallur^ and 
mineral chemistry, is that even in the year 1686 a 
technical laboratory was erected by Charles XI. of 
Sweden. Its objects were to determine the value 
of various natural products, and also to conduct 
experiments upon the production of chemical 
preparations. 

The scientific investigations upon the chemical 
nature of acids and bases, and the increased MSB of 
them which resulted, caused attempts to be made to 
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produce them profitabJ^ oh a kffge seale. In thisff 
way was laid the foundation of the acid manu-l I 
facture, now such an important industry. Accord- » 
ing to Boyle's statement, nitric acid was prepared, 
from saltpetre in special distilleries. The produc- 
tion of fuming sulphuric acid from sulphate of iron 
was chiefly carried out at Nordhausen in the Harz, 
while the preparation of sulphuric acid by burning 
sulphur with addition of nitric aoid. was first pracr 
tised about the middle of the .eighteenth, century, 
in England. ' TThe glass globes used in this process 
were soon replaced by leaden chambers ; these were 
first employed in Birmingham, and until recently 
were indispensable for all sulphuric acid factories. 
With the continually increasing use of soda for the 
manufacture of 3oap, glass, etc., the question arose^ 
in what manner this important substance could be 
prepared from easily accessible sodium compounds, 
in particular from common salt. It was mamly 
Duhamel de Monceau who strove in various ways 
tg" effect a solution of this problem. Although 
his experiments were not crowned with success, 
they yielded important material, with which later 
chemists, Leblanc among others, were able to carry 
out the work successfully. 

Various improvements, not perhaps very con- 
siderable ones, were introduced into metallurgy. 
There may be specially mentioned the extraction of 
zinc from calamine (due to Marggraf), and the work- 
ing of individual metals, such as the engraving, 
tinning, and gilding of iron and the silvering of 



92 HISTORY OP CHEMISTRY [parti. 

copper, processes in the improvement of trhich 
Boyle and Kunkel took the chief share. 

In dyeing the endeavour may be noticed, on the 
onel^d, toobtdn new ^^/^itCp^tE^^^d. 
fo"stu3y tEe process of dyeing itsejtf. The result 
in the former direction was the preparation of 
Prussian blue as a dye, and of mosaic gold and 
Scheele's green as pigments ; the resear ches i n 
the other direction reaulteii. in the., d ivision of 
dyes into two classes, according .. ta .^ wJiethpT Jfchgy 
might be fixed on the fabrics with .xjj without mor- 
dants. 

It has already been mentioned (p. 16) that the 
preparation of porcelain was known very early 
among the Chinese, but that among other peoples 
there are no indications of a similar knowledge. 
The accidental discovery of porcelain falls m this 
period, and it was soon manufactured on a large 
scale, but in strict secrecy, at Meissen. The investi- 
gation of R6amur and Macquer eventuallysolTOd 
the problem of the production of porcelain, and this 
resulted in the establishment of the manufacture in 
France, especially at Sevres. ^ — — -— 

Organic Compounds. 

The kno wledge of organic preparations increased^ 
considerably in this period," although no advm ce 
is to be noticed in the views upon their real com- 
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position. Nevertheless, the mass of matenan)e- 
came so large that it was possible for Lavoisier to 
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do a pioneer's work in this division of chfimistry. 
In parfiTcuIarT practical modes of preparation were 
worked out for alcohol and'ffie various ethers, and 
some of these' compounds were subjected to closer 
investigation. It did not escape Hoffmann and 
Macquer, for instance, that the formation of ether 
from alcohol was connected with the formation of 
water. The extensive investigations of Scheele 
added to acetic acid, which had long been known, 
a series of other acids, some of which occur in 
Nature, and were isolated by him from vegetable 
extracts by means of their calcium or lead salts ; 
instances are citric, tartaric, malic^ and oxahc acids. 
He also succeeded, by the application of chemical 
reactions, in making new compounds of this tyi>e ; 
for instance, he prepared oxahc acid by treating 
sugar with nitric acid, and mucic acid by similarly 
treating lactic acid. Scheele also succeeded in 
isolating uric acid from urinary calculi. Character- 
istic of the extent of the investigations of this 
chemist and of the acute observation upon which 
they were based is especiaUy his discovery of 
hydrocyanic acid (prussic acid) by treating yellow 
prussiate of potash with sulphuric acid, and it is 
particularly worthy of mention that he also gave 
its qualitative composition pretty correctly. In 
the province of the chemistry of the fats and oils 
it was also Scheele who isolated glycerine by decom- 
posing oUve-oil with Utharge. In spite of all this, 
the current views on the composition of the fats 
became no clearer, and the full comprehension of 
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the importance of the discovery of glycerine in 
regard to the constitution of the fats and oils was 
reserved for a later time. 



Pharmaceutical Chemistey. 

The great influences which the iatrochemical 
period exercised upon the development of pharmacy, 
as well as the circumstance that a great number of 
distinguished workers in this period rose from the 
position of apothecaries, were not without effect 
upon the development of pharmaceutical chemical 
knowledge. From various quarters the scientific 
treatment of pharmacy was assisted by the publica- 
tion of sound pharmaceutical text-books, like those 
of Baum6 (1762) and of Hagen (1787), and by the 
foundation of pharmaceutical laboratories. 
The number of drugs experienced a considerable 
. increase in this period. Ammonium carbonate, 
\ under the name of englische Tropfen (English drops), 
I magnesium sulphate {sal anglicum), magnesium 
'oxide {magnesia alba), and potassium sulphate {sai 
jpolychrestum) were all used extensively in medicine, 
j Ferric chloride in alcoholic solution enjoyed under 
/the name of ' golden drops ' or ' nerve tincture ' a 
j great vogue ; kermes, Hoffmann's drops, and basic 
lead acetate, diluted with water, found medicinal 
use under the name of Goulard's water. The 
antiseptic properties of many chemical preparations, 
such as the mineral acids, ferrous sulphate, alum, etc., 
were brought into prominence by various chemists, 
and they were used as antiseptics in some cases. 
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PART II 

CHAPTER I 
THE PERIOD OF LAVOISIER 

As a result of the pioneering work of the French 
chemist Lavoisier during the time from 1776 to 
1780, the most important object of chemical investi- 
gation came to be the examination of the relations 
by weight of the reacting substances to the reaction 
products in chemical reactions. So far these 
relations had generally been neglected, and only one 
or two investigations are known in which the rela- 
tions by weight were determined. As an mstanoe 
may be mentioned Black's work on the calcination 
of magnesia alba (p. 86). 

One of the most important results of Lavoisier's 
quantitative researches was the definite proof of 
the elementary nature of various substances which 
had been previously regarded as compound ; among 
these were the metals, sulphur, and phosphorus. 
On the other hand, it was also possible to recognize 
as compounds substances Uke sulphuric acid, phos- 
phoric acid, and the metallic oxides, which the sup- 
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porters of the phlogistic theory had considered 
elementary. We see, therefore, that the work of 
Lavoisier effected a complete reversal of the chemical 
views prevaihng at the time. That such a reversal 
occurred comparatively rapidly is chiefly due to the 
exact investigations of Iiavoisier and his pupils, 
and also to the fact that the balance is a reliable 
auxiliary which puts into every one's hands a means 
of control to which no exception can be taken. 

The duration of this period we shaU consider 
to be till the year 1828, when the synthesis of urea 
drew the attention of chemists to a new field of 
research, which was successfully worked out in the 
course of the nineteenth century. 



A 



Biographical. 

Antoin Laurent Lavoisier was bom in 1743, 
and was therefore a contemporary of Scheele. The 
excellent education which he received gave him a 
splendid opportunity to perfect himself in mathe- 
matics and physics ; he received his instruction in 
chemistry from Rouelle, who stood in specially high 
repute as a teacher. 

Lavoisier's first chemical work was performed in 
1770, and was even then of a quantitative character. 
He attempted to prove by the balance that the 
earth formed when water is boiled does not arise 
from the water, but from the glass of the vessel. 
The favourable results which the balance yielded 
to him in this research may very possibly have deter- 
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liiined his later investigations upon the processes 
occurring during the burning of substances and 
during the calcining of the metals. The exact 
treatment of this problem with the aid of the 
observations of Priestley and Scheele on oxygen led 
him in 1777 to propose a new theory of combustion. 
He was elected a member of the French Academy at 
an early age, and his career soon became a brilliant 
one. He did not, however, escape the envy of his 
fellow-citizens, and was executed, upon trumped-up 
charges, at Paris, on May 8, 1794, a victim of the 
French Revolution. His work is published for the 
most part in the Memoires de VAcademie Fran^aise. 

Of his contemporaries three especially deserve 
mention — Guyton de Morveau, Berthollet, and 
Fourcroy. The first of these, bom at Dijon in 1737, 
occupied himself at first with the study of law, but 
soon turned to chemistry, flo Morveau is due the 
first attempt to introduce a rational nomenclature 
of chemical compoimds in place of the designations, 
vague and leading to all kmds of misunderstanding, 
then in use (c/. p. 106). J His successful activity on 
the founding of the Ecole Polytechnique, at which he 
became Professor, also deserves especial mention. 
He was one of the most influential members of the 
National Assembly, but unfortunately made no 
effort to check the excesses of the Revolution. 
He died in Paris in 1816. 

Claude Louis Berthollet was born in 1748 at 
Talloire, in Savoy. In 1772 he took up his abode 

7 
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in Paris, and was elected to the Academy in 
1780. From then he showed great activity in the 
most various branches of chemistry. At first 
he was a follower of Stahl's theory of phlogiston, 
but after 1786 became a convinced supporter of the 
theory of combustion of Lavoisier. Berthollet 
became a teacher at the Ecole Polytechnique in Paris 
in 1794. He possessed a striking talent for 
organization, which found employment in various 
inquiries initiated by Napoleon or otherwise under- 
taken for the pubKc good. In his later years he 
lived at Arceuil, near Paris, where he died in 1822. 
Various experimental investigations are due to him, 
dealing with ammonia, prussic acid, sulphuretted 
hydrogen, and potassium chlorate, and his theoreti- 
cal speculations on chemical affinity also deserve 
mention, as they were then much in vogue, and their 
after-eflfects extend even to our own time. 

Antolne Fran90is Fourcroy was bom in the year 
1755. He belonged to a poor family, and so was 
obliged at first to earn the means for his studies. 
His work, however, soon attracted general attention 
to him, so that in 1784 he became Professor at the 
Jardin des Plantes in Paris, in succession to Macquer. 
He was elected a member of the French Academy 
in the following year. During the French Revolu- 
tion he also became prominent as a pohtician, acted 
upon the committee of public instruction during the 
Reign of Terror, and later, under Napoleon, took 
over the department of public instruction. Chemistry 
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owes its rapid rise in the foUowing years in no smaU 
degree to his influence. In common with Lavoisier, 
Berthollet, and Gujrton de Morveau, he founded in 
1789 the Annales de Ghimie. He died in 1800. 

With these three contemporaries of Lavoisier may 
also be grouped some other important French 
chemists. Vauquelin, bom in 1763 at Hibertot, 
in Normandy, was at first an apothecary, and as 
such entered Fourcroy's laboratory, where he soon 
became Fourcroy's collaborator. After the latter's 
death he obtained his post as Professor at the 
Jardin des Plantes. His death occurred in 1829. 
VauqueUn's researches were of the most varied 
character, as well as his work in the province of 
organic chemistry, which led to the discovery of 
quinic acid, asparagin, camphoric acid, etc. ; he was 
also active with equal success in inorganic chemistry, 
and discovered chromium and berylhum oxide. 

Joseph Ludwiff Proust, bom in 1765 at Angers, 
was at first an apothecary, being chief of the 
dispensary at the Salpetriere Hospital in Paris ; 
later on we find him as a teacher in various Spanish 
Universities. At this time he vigorously opposed 
Berthollet's view that substances imite in com- 
pounds in continuously varying proportions, which 
change according to the conditions of reaction. 
As Spain also did not withstand Napoleon's thirst 
for conquest, he found himself during the war in 
1808 deprived of his well-equipped laboratory and 
of his post. This reduced him to a precarious state 

7—2 
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of want, from which he was only removed by his 
election to the French Academy. His investigations 
led to much the same result as those of Bichter ; 
he often emphasizes the law of combining pro- 
portions, without, however, endeavouring to become 
clear as to its cause. 

Joseph Louis Gay-Lussac was bom in 1778 
at St. Leonard. His introduction into chemical 
science was effected by Berthollet, and his physical 
and chemical knowledge soon drew upon nim the 
attention of his contemporaries. In carrying out 
his inquiries he shrank from no danger, as is shown 
by the fact that for the purpose of physical observa- 
tions he sometimes made very hazardous voyages 
by balloon. In the year 1808 he became Professor 
of Physics at the Sorbonne, in 1809 also Professor 
of Chemistry at the ficole Polytechnique, and 
in 1832 Professor of General Chemistry at the 
Jardin des Plantes. From his varied investigations 

• all branches of chemistry received considerable 
benefit. His name is closely connected with the 
law of gaseous volumes, with the law of variation of 
gaseous volume with temperature, and with the 
investigation of iodine, cyanogen, and fulminic acid, 
as well as with a large number of analjrtical methods. 
.On this latter point it may be Dgientioned in par- 

\/ ticular thatrGay-Lussac is to be regarded as the 
founder of the titration method in analysis. His 
death occurred in 1850.J 

P. L. Dulongy born in 1785 at Rouen, occupied 
himself with purely chemical work, as well as with 
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his physico-chemical researches upon atomic heats. 
He discovered, in 1811, the chloride of nitrogen, 
a discovery for which he had to pay with the loss 
of an eye and several fingers ; he also worked on 
the oxygen compounds of phosphorus and nitrogen. 
He died in 1838 as Director of Studies at the ificole 
Polytechnique at Paris. 

T. A. Petit, the collaborator with Dulong in 
the research on the atomic heats of the elements, 
belonged in respect of his work more to physics than 
to chemistry. He was bom in 1791; and died in 
1820 as Professor of Physics at the Ecole Poly- 
technique at Paris. 

This concludes the description of the lives of the 
most conspicuous French chemists, and we will now 
turn to the biography of those who were active at 
this time in Germany. 

Martin Heinrich Klaproth, bom in 1743 at 
Wemigerode, was by profession an apothecary, 
and only forsook this calling in 1787 in order to 
give his whole attention to chemical studies. This 
change was occasioned by his election to the Berhn 
Academy, and when in 1809 the University of 
BerUn was founded, he was the first to hold the 
newly-created Chair of Chemistry. His investiga- 
tions display classical care and thoroughness. They 
were undertaken chiefly in the department of 
analytical chemistry. This thoroughness in his 
work was not the least decisive factor in enabling 
him to make the discoveries of new elements ; we owe 
to him those of uranium, titanium, and zirconium. 
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Jeremias Benjamin Richter was bom in 1762 
at Hirschfeld, in Silesia. He was at first Mining 
Secretary at Breslau, and afterwards Mining Assessor 
and Chemist to the porcelain manufacture in Berlin. 
His researches lay mostly in the field of stoichio- 
metry, and are remarkable for painstaking thorough- 
ness and exactitude. Unfortunately his Uterary 
style is extremely obscure and confused, and is also 
to some extent further distorted by the use of 
phlogistic expressions, so that his work was at 
first completely overlooked. It was first brought 
into comprehensible form through the efforts of 
G. E. Fischer, who put together Richter's figures in 
a plain table of equivalent weights. In this way it 
happened that the latter did not obtain the recogni- 
tion they deserved until long after Richter's death, 
which occurred in 1807. 

Eilhard Mitscherlich, bom in 1794 in Oldenburg, 
devoted himself at first to Oriental and linguistic 
studies, but he also pursued the study of the 
natural sciences, and came into close relations 
with Berzelius, whom he followed to Stockholm in 
1819. In the year 1821 he became Klaproth's 
successor at the University of Berlin, and was active 
there until his death in 1863. 

In England at this time the most important 
chemists were Henry, Kirwan, Hatchett, and 
Dalton. Although the labours of the first three 
greatly advanced particular branches of chemistry, 
yet in the review of general chemical progress they 
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are not of decisive significance, so that here their 
names may be just mentioned. Dalton's work, on 
the contrary, has had so great an influence upon 
chemical views that we must consider his career a 
little more closely. 

John Dalton was bom in the year 1760 at 
Eaglesfield, in Cumberland. He was the son of a 
poor weaver, and so was obliged even in his youthful 
years to earn his bread by private teaching. At 
first a mathematician and physicist, he soon turned 
to chemistry, which he led into new paths by his 
important work on the atomic theory. In 1793 he 
became lecturer on mathematics and physics at a 
college in Manchester. His discovery of colour- 
blindness was also made about this time. After 
1799 he still remained only a private tutor, leading 
(probably from his hard up-bringing) a very modest 
life. He died at Geneva in 1829. 

In Sweden we find sound representatives of 
chemical science in Eckeberg and Grau, but in the 
brief space of this account they can only find 
mention. We must consider more fully, however, 
the life of Johann Jakob Berzelius, one of the 
greatest chemists that ever lived. He was bom 
on August 29, 1779, at Westerlosa, in Sweden, 
being the son of a schoolmaster in that place. Even 
in his early years he showed a very marked liking 
for chemistry, but his first teachers could not give 
him what he expected of this science, and he turned, 
dissatisfied, to the study of medicine. His interest 
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in chemiBtry remained so great, however, that he 
did not completely neglect it ; on the contrary, his 
scientific work was principally concerned with 
chemical ideas, and his nomination as Associate 
Professor of Medicine, Botany, and Pharmacy was 
due to his researches upon the action of the galvanic 
current upon salts. He became, later. Professor of 
Chemistry and Pharmacy in the University of 
Stockholm, exchanging this position for the Chair 
of Chemistry in 1815. In the year 1808 he was 
elected a member of the Academy of Science of 
Stockholm, and became its permanent secretary in 
1818. In the same year he was made a knight by 
Charles XIV., and in 1836 raised to the peerage. 
His strenuous life was closed by death on August 7, 
1848. The brilliant researches which he carried 
out, and his useful activity as a teacher, obtained for 
him a number of pupils, of whom Rose, Mitscherlich, 
Wohler, and Christian Gmelin may here be mentioned 
as the most famous. It can be understood that by 
this following of distinguished scholars the ideas, 
thoughts, and theories of Berzehus were carried 
into all countries, and that these therefore exercised 
a striking influence upon the further development 
of chemical investigation. 

The Thboey of Combustion of Lavoisieb. 

The researches of Lavoisier upon the quantitative 
relations in chemical reactions, which were men- 
tioned in the introduction to this chapter, led this 
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investigator to set up his theory of combustion or 
theory oi oxidation. Since this overthrew the Stahl 
phlogistic theory prevailing at that time, and since 
the whole foUowing period up to the present day is 
dominated by the ideas of Lavoisier, it will be most 
fitting to begin the detailed description of the 
advance of chemistry during this period with an 
account of this theory. 

Lavoisier himself in 1777 summarized his theory 
of combustion in the following three statements : 

1. Substances only bum in pure air. 

2. The latter is consumed in the combustion, and 
the increase in weight of the substance burnt is 
equal to the decrease in weight of the air. 

3. The combustible substance is by its combina- 
tion with pure air usually turned into an acid, the 
metals, on the contrary, into metallic calces. 

That in atmospheric air there is something which 
combines with a substance during its combustion 
was not, however, first stated by Lavoisier. We 
find, on the contrary, various indications of such 
an opinion. Mayow's view (p. 75), for instance, 
comes very near the truth, since he thought that the 
apiritus nitro-aerua present in the air essentially 
conditions combustion, and that in calcination this 
substance combines with the metal. The uncon- 
tested merit of Lavoisier, however, is that, in oppo- 
sition to all earlier statements, ^e not only expressed 
an idea which could explain certain phenomena, 
but that he also verified it in its generality by a 
series of briUiant and exact investigations. By this 
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he proved at the same time that he was not standing 
upon purely speculative foundations, but that he 
controlled his theories by experiments which 
prompted fresh ideas in their turn. In this way 
it was possible that, revolutionary as the above- 
quoted sentences were for the prevailing phlogistic 
views, they could yet successfully oppose all the 
objections which at first were raised against them. 
Lavoisier's theory just furnished the means of 
explaining a whole series of chemical processes in a 
simple manner, and so it obtained for itself in such 
a comparatively short time the recognition of a 
very wide circle of chemists. 



The CLASsmoATiON or Elements and 

Compounds. 

In the course of time, as a result of numerous 
investigations of various kinds, such an increase in 
the number of chemical compounds took place that 
gradually the need arose to attempt a rational 
classification of the elements and compounds. 
Such an arrangement is due to Guyton de Morveau 
(p. 97), and is founded mainly on Boyle's definition 
of the elements (p. 63). Morveau distinguished 
five classes of elements. In the first he placed, 
besides heat and light— not generally recognized as 
elements— oxygen, hydrogen, and nitrogen ; in the 
second, those which are able to form acids — i.e., sul- 
phur, phosphorus, and carbon, as well as the hypo- 
thetical radicles of hydrochloric, hydrofluoric, and 
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boric acids ; the metals formed the third class, the 
earths the fourth, and the alkalis the fifth. 

The counterpart to these elements was offered 
by the compounds, among which he distinguished 
binary and tertiary combinations. To the former 
belonged the acids, and these he designated with the 
common word ddde^ followed by the special name 
of the acid concerned — e.gr., acide carboniquey cicide 
svlpkurique, etc. In the case of those containing 
less oxygen the ending -eux was used instead of 
'ique — c.gr., acide aulfureux. He further reckoned 
among the binary compounds the bases, to which 
he applied the common term oosyde, besides sul- 
phuretted hydrogen, the metallic sulphides, and the 
compounds of the metals with each other. The 
chief representatives of the ternary compounds were 
the salts. He took their generic names from the 
acids from which they are formed, and their specific 
names from the bases contained in them — e.g., nitrate 
de plofnb, sulfate de baryte. As may be seen from 
this short sketch of Morveau's arrangement, it was 
so fortunately chosen that it has been possible to 
adhere to it in a general way up to the present time. 



The Law of Multiplb Proportions. 

We will now turn to the consideration of the pro- 
gress which chemical science has to record as a 
result of the fortunate investigations of Ijavoisier, 
in which the balance was employed in the most 
extensive way as an auxiliary. 
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The numerous quantitative investigations which 
followed those of Lavoisier soon led to the observa- 
tion that every element could combine with another 
element only in definite proportions by weight. The 
actual occasion for this observation was given by 
Dalton's work on the composition of ethylene and 
methane, in the course of which he was able to 
show that the quantities of hydrogen in these two 
substances are in the ratio 1 : 2. This research 
was followed by those on the quantitative com- 
position of carbon monoxide and carbon dioxide, 
and of nitrous oxide, nitric oxide, nitrous acid, and 
nitric acid. In all these compounds a regularity of 
composition was found, and Dalton was able to 
found upon it the Law of Multiple Proportions, 
which states that when different quarUities of an 
element chemically unite with one and the same 
qtmntity of another, these qwantities always stand to 
one another in a simple ratio which is expressible in 
whole numbers. 



The Atomic Theory. 

His endeavours to explain these observations as 
satisfactorily as possible then led Dalton to develop 
his atomic theory. Even the Greek philosophers 
had expressed the idea that substances consist of 
ultimate particles, the atoms, which cannot be 
divided further. Dalton applied this hypothesis 
to the law of multiple proportions by simply sub- 
stituting absolute for relative numbers. In this 
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way he would say of carbon monoxide and carbon 
dioxide, for example, that in the former one atom 
of carbon is combined with one atom of oxygen, 
while in the latter one atom of carbon is combined 
with two atoms of oxygen. These researches were 
carried out in 1802 and 1803, but they were not 
fully published till 1808, when they appeared in 
the first volume of the New System of Chemical 
Philosophy. 

The central point of the whole of Dalton's atomic 
theory may be expressed in the following two 
nces : 

1. Every element consists of atoms similar in 
kind and of unvarying weight. 

2. Chemical compounds are formed by union of 
the atoms of different elements in the simplest 
numerical ratios. 

It must be concluded, however, from numerous 
indications that the historical development of 
Dalton's work did not occur in the manner here 
described, but that, on the contrary, Dalton arrived 
at the atomic theory by a purely deductive path, 
and only carried out the experimental investigations 
as a confirmation of the opinions so formed. 

An immediate consequence of the atomic theory 
was the attempt to determine as accurately as 
possible the proportions by weight in which the 
elements unite to form compounds, and so to 
derive the relative atomic weights. Dalton himself 
attacked this problem, but was obliged for the pur- 
pose to make certain postulates, which he sum- 
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marized in the following statements ; in them 
compounds of two elements are considered : 

* When only one compound of two elements, 
A and B, is known, it is to be supposed that it 
consists of one atom of the one element and one 
atom of the other : A + B, a binary compound or 
atom of the second order (Dalton regarded an 
elementary atom as an atom of the first order). 

*When two compounds are known which are 
composed of two elements, A and C, their com- 
position can be expressed by the symbols A + C and 
A+2C (ternary compound or atom of the third 
order). 

'If the composition of three compounds of two 
elements, A and D, has to be decided, probability is 
in favour of the following compounds : A + D, 
A + 2D, 2A + D.' 

Besides these there were, according to Dalton, 
also atoms of the fifth order {e.g., A + 3E), etc., 
though the simplest proportions were the most 
favoured. Compounds in which the numbers of 
atoms were in ratios such as 2 : 3 or 2 : 5 he explained ^ 
to have arisen from two atoms of the higher orders, . 
as, for instance, nitrous acid from an atom of nitric 
oxide and an atom of nitric acid. 

These considerations led to th,e obvious con- 
clusion that the atomic weight of a compound is 
equal to the sum of the weights of the elementary 
atoms composing it. In determining the relative 
atomic weights of the elements Dalton took the 
following course. He determined, for instance, the 
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ratio of the quantities of hydrogen and oxygen in 
water, and then set the weight of the hydrogen as 
unity, referring the oxygen value to it. In a similar 
^ . way he determined the value for nitrogen from the 
g i composition of ammonia, and that of carbon from 
' the analysis of carbon monoxide and carbon dioxide, 
in the latter case using the oxygen value obtained 
from the composition of water. By this means he 
found the following numbers : 

' Hydrogen 1-0 

Oxygen . . . • . . . . . . 6*5 

! Nitrogen 5*0 

I . Carbon . . . . . . . . . . 6*4 

Although there is considerable inaccuracy in 
I these figu^s, the principle for atomic weight deter- 
mination was correct. The development of Dalton^s 
atomic hypothesis was in general so illumining and 
clear that it found a favourable reception almost 
everywhere among the chemists of the time. 

/^ Gay-Lttssac's Law of Volttmbs and Avogadro's 
/ Hypothesis. 

A few months after Dalton had explained his 
atomic theory in the New System of Chemical 
PhUoaophyy Gay-Lussac pubUshed investigations 
which were concerned with the volume relations of 
gases. This chemist found that from 2 volumes of 
carbon monoxide and 1 volume of oxygen are 
formed 2 volumes of carbon dioxide, and 2 volumes 
of ammonia from 1 volume of nitrogen and 
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3 volumes of hydrogen. These observations agree 
also with various experimental results obtained by 
earlier investigators, and led 6ay-Lussac to set up 
the law of volumes, which he formulated in the 
following way : ' Tif}o gases alioays combine in 
simple ^proportions by volume, and the contraction 
which they experience, and therefore also the volume 
of the product formed when it is gaseous, stands in a 
simple relation to the volumes of the constituenJts.^ 

Gay-Lussac also specially points out at the end 
of his paper that by the supposition of a similar 
molecular condition in all gases their similar be- 
haviour towards pressure and temperature is ex- 
plained, and that his observations not only are in 
agreement with Dalton's atomic hypothesis, but 
also offer considerable support to it. This opinion 
did not, however, obtain agreement from Dalton. < 

The reason for this was that if an atom of nitric 
oxide consists of an atom of nitrogen and an atom 
of oxygen, and if in equal volumes equal numbers J 
of atoms be supposed, then by the union of 1 volume 
of nitrogen with 1 volume of oxygen 1 volume of 
nitric oxide must be formed, not 2, as 6ay-Lussac 
and Henry had found.^ According to this, a similar 
molecular condition of all gases would be impossible, 
and it is not difficult to see that in this point lay a 
real difficulty. 

^ The totally unjustified reproach which Dalton made that 
Gay-Lussao had worked badly very probably led to the idea 
that Dalton enviously desired to detract from Gay-Lussac's 
services to the science. At the same time, the account given 
above shows that Dalton's objections had a foundation in faot. 
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The Italian physicist Amadeo Avogfadro showed 
k way in which it was possible to explain 
these contradictions. He ^ distinguished between 
moUcvies irUSgrantes and moUcvlea ilementaires, and 

^ on account of the similar behaviour of gases towards 
pressure and temperature he supposed that in 

^ equal volumes of all gases are contained equal 
numbers of molecules. 

According to this hypothesis, when a substance, 
elementary or compound, becomes gaseous, the gas 
consists not of indivisible particles, but of the 
molectdes irdegranteSy which are composed of the 
molecules elementairea. K, therefore, a mixture of 
equal volumes of oxygen and nitrogen \mite to 
form the same volume of nitric oxide, and if the total 
volume contains the same number of molecules, 
then the combination' cannot have occurred from 
onion of molecules previously separate. This ex- 
perimental fact can only be explained by supposing 
that the molecules both of nitrogen and oxygen are 
each composed of two molecules elementaires, which 
break apart from one another and reunite in unlike 
pairs, so that the same number of molecules is present 
before and after the combination. The difference 
in the composition of the gaseous mixture is simply 
that at first it consists of dissimilar, afterwards of 
similar, molecules. 

In 1814 there appeared in the Annales de Chimie' 
et de Physique (xc, 43) a paper by Ampere upon 
the same subject. In it the author endeavoured at 
the same time to explain the crystalline form ol 
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substances by the position of the molecvles el&men- 
taires in the molecule integrante. On the whole, the 
writings of these two scientists received at first but 
little attention from their contemporaries. 

In the years 1791-1802 J. B. Richter made the 
observation that on mixing two neutral salts the 
neutrality remained, even when double decom- 
position took place. He concluded from this that 
the quantities a and b of two bases which were 
neutralized by a certain quantity of an acid were 
also neutralized by the same quantity of another | 
acid, and vice versa the weights of two acids which 
are saturated by a certain quantity of a base require 
for neutralization the same amount of another 
base. Richter further examined the precipitation 
of metals, and determined the quantities of the 
metals which precipitate one another from their 
solutions ; the numbers so obtained he employed | 
to determine the oxygen content of the oxides. It 
should also be mentioned that Richter first used 
the term * stoichiometry,' meaning thereby the deter- 
mination of the proportions in which substances 
combine. As has been stated above, Richter's pub- 
lications are written in a very incomprehensible 
style, so that they first came to general knowledge 
through the efforts of Fischer, who brought them 
into a form more easy to understand. Fischer, in 
1803, united Richter's tables in a single table which 
he emplcjyed in the following way : ' It is necessary 
to determine only the relative quantities of one acid 
towards the various bases^ then it ia su£Bcient to 
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become acquainted with the relative quantity of 
one single compound of every other acid with a base, 
and by an easy calculation the proportional quan- 
tities of the acids in all other compounds can be 
obtained.' This was, however, no other thing than 
a table of equivalents. 

Atom and EQxnvALBNT. 

In 1814 Wollaston sought to show— chiefly, at any 
rate, by reason of Richter's investigations — ^that the 
determination of the number of atoms in a com- 
pound was uncertain and arbitrary, and proposed 
to replace the idea of atoms by that of equivalents. 
The name ' equivalent ' was used by him for the 
first time. To begin with, he made the mistake of 
using the term 'equivalent' quite in the sense of 
* atom ' ; this led to the erroneous supposition that 
the atoms were equivalent. We shall see later what 
great confusion this paper of WoUaston's caused in 
chemical circles, and that it needed vigorous con- 
flicts to effect the strict separation of the ideas 
involved in the terms ' atom ' and * equivalent.' 

Eleotbo-ohbmical Theories. 

Towards the end of the eighteenth century came 

Galvani's famous discovery in the year 1779 of 

electric action upon the muscles of frogs, and the 

^ further development of this by Volta led X^ voltaic 

. cells and galvanic batteries. As in this way a 

source of electricity was discovered, it was not long 

1^ 8—2 



t 



I 



116 HISTORY OP CHEMISTRY [parth. 

before the effect of the electric current upon various 
chemical substances was studied. Nicholson and 
Carlisle observed in 1800 that if the galvanic cell 
is discharged through water the latter is decomposed 
into its constituents, oxygen and hydrogen. It has 
already been mentioned (p. 75) that Ritter tried 
to maintain the elementary nature of water by a] 
explaining hydrogen to be water with positive, 
oxygen water with negative, electricity. The 
electrolysis of water was followed by that of aqueous 
solutions of alkalis, which was principally effected 
by Davy and by BerzeUus. We shall become more 
fully acquainted with the practical results of these 
investigations later, in treating of the metals. They 
will only receive mention here in so far as they were 
responsible for the development of theoretical views. 
As to the origin of the electric current, Volta 
advanced the opinion that the mere contact of two 
heterogeneous bodies sufKced to place them in 
opposite electrical states. Davy also held the same 
view, and based upon it his theory of the dependence 
of chemical affinity upon electrical state (Phil. 
Trans, y 1807, p. 39). The most active opponent of 
this contact theory of Volta and Davy was Ritter, 
who in his Electrischen System sought to show that 
simultaneously with the origin of an electric current 
chemical decompositions take place, and that there- 
f ore.the electrical phenomena are a result of chemical 
processes. Berzelius imagined electricity to be a 
general property of matter, and supposed each atom 
to have two opposite j)oles. The atoms do not 
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contain equal quantities of electricity, but the 
electricity of one pole predominates over that of 
the other, so that the atom |[and therefore also the 
element) is either electro-positive or electro-nega- 
tive. When two elements unite, their opposite poles 
neutralize each other ; but if an electric current is 
allowed to act on a compound, the single atoms 
obtain an electric charge again, and the compound 
is decomposed into its constituents. 

Upon these ideas Berzelius built his so-called 
V dualistio theory. He says in his Lehrbvch der 
, Chemie, vol. iii., p. 77 : * Every compound substance, 
' whatever the number of its constituents, can be 
separated into two parts, of which one is electro- 
positive, the other electro-negative ; so, for instance, 
sodium sulphate is not composed of sodium, sulphur, 
and oxygen, but it consists of sulphuric acid and 
soda, which, again, can each be separated into a 
positive and a negative constituent.' 

Such were the views of Berzelius as to the con- 
stitution of compounds in general. His opinion on 
the structure of bases, acids, and salts he expressed 
as follows : ' In the oxides the metals form the 
electro-negative constituent, in the acids the metal- 
loids, and in the salts the anhydrous bases are the 
electro-positive, and the anhydrous acids the electro- 
negative, constituents.' By a slight extension it 
was then possible for him to explain the double 
salts in this dualistic manner, regarding one salt as 
the electro-positive and the other as &e electro- 
negative constituent ; for instance, in alum he 
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termed the potassium sulphate the positive and the 
aluminium sulphate the negative constituent. It 
must not be overlooked, however, and it shall be 
especially emphasized here, that the foundation of 
this dualistic theory took place at an epoch when all 
the acids were still regarded as compounds containing 
oxygen. We shall find later that on account of 
the dualistic theory it cost many a hard-fought 
battle to persuade Berzelius and his supporters of 
the existence of acids which did not contain oxygen. 
The outlines of this electro-chemical theory were 
set out by Berzelius in 1812 ; its complete elabora- 
tion occurred in 1819. 



Chemical Symbols. 

The need of a simple system of chemical symbols 
became continually more evident to Berzelius 
during the working out of the preceding views. He 
was not the first to have an idea of this kind, for 
several years previously Dalton had proposed the 
introduction of particular symbols for the diflferent 
elements. He indicated oxygen, for instance, by O, 
hydrogen by O, nitrogen by 0, sulphur by ®. 
By correctly placing together these symbols it 
was possible to picture the compound concerned. 
For the anhydride of sulphuric acid, for instance, 

this gives the following symbol : /-jSq- It is 

obvious that this system was too complicated and 
too unwieldy ever to come into general use. To get 
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over the diificulty Berzelius developed a system of 
chemical symbols in which a letter stood for every 
element, preferably the initial letter of the Latin 
name of the element concerned — e.gr., for nitrogen 
(nitrogenium) N, for sulphur (sulfur) S, for hydrogen 
(hydrogenium) H. In the case of those elements 
which have names beginning with the same letters 
some further letter was added from the rest of the 
word — e.g., mercury {hydrargyrum) Hg, antimony 
(stibium) Sb. To indicate compounds these symbols 
were simply placed side by side, the number of atoms 
of each element in the compound, if more than one, 
being shown by suffixing a number, thus : sulphurous 
acid SO2, carbonic acid COa-^ With the help of 
this system of symbols it was also possible to express 
the dualistic constitution of individual compounds — 
for instance, sodium carbonate NagO.COg — and this 
was of course of great importance from the point of 
view of Berzelius. 

Berzelius did not at first use this mode of writing 
quite as above described, but indicated those 
elements which occur as double atoms in compounds 
by drawing a line through the symbol for a single 
atom — c.gr., water HO. This was probably the 
cause of the resistance which at first was opposed to 
the introduction of the system of symbols of 
5erzeUus, for when he discarded a mode of writing 
so calculated to lead to confusion, and introduced 
the universal designation by numbers described 

^ At first Berzelius also indicated oxygen atoms with dots, 
sulphur atoms with dashes — e,g,, 6a (for CaO), ^e (for FeS^)- 
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above, the system came into general use, and still 
forms the foundation of chemical formulation. 

Crhe nomenclature of Berzelius followed that 
employed by Lavoisier, Guyton de Morveau, and 
BerthoUet. He divided the elements into metalloids 
and metals, the oxygen compounds into suboxides, 
oxides, and peroxides, while he gave the acids 
different designations according to their degree of 
oxidation. For the chlorine compounds corre- 
sponding to the oxides he used the similar terms, 
' subchloride,' * chloride,' and ' perchloride.y 

The Eleotbolysis op the Alkatjs. 

As has already been mentioned (p. 118), in the 
development of the dualistic views of BerzeUus all 
acids were regarded as oxygen compoimds, and, 
in fact, the whole theory was bound up with the 
supposition that oxygen is a constant constituent 
of all acids. Already in the first twenty years of, 
the nineteenth century, however, this opinion was 
strongly shaken by Davy's researches on the electro- 
lysis of salts of the alkalis. Davy endeavoured to 
subject an aqueous solution of potash or soda to 
electrolysis, and the failure of these experiments 
led him to alter the experimental arrangements so 
as to allow a strong electric current to act on fused 
potash. He observed the formation of small drops 
of a metal which burnt vigorously when brought into 
contact with air. By maintaining certain experi- 
mental conditions he succeeded also in isolating 
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small quantities of this substance. , He noticed that 
the separation of metallic drops occurs only at the 
negative pole, while at the same time an evolution 
of oxygen takes place at the positive pole. As to 
the properties of the substances formed, it did not 
escape him that they could reduce metallic oxides, 
and that they regenerate the alkali when they burn 
in oxygen. For this reason he regarded potash and 
soda as metallic oxides, and the new substances he 
had discovered as metals, a view favoured by their 
well-marked metallic lustre. He proposed for them 
the names ' potassium * and ' sodium.' It should 
also be mentioned here that in 1808 Gay-Lussac and 
Thenard succeeded in obtaining these metals in a 
purely chemical way by reducing the hydrates with 
metallic iron, and so furnished an exact confirmation 
of Davy's researches upon these substances. 



CHLOBmE AND lODINB. 

As in this way the views on the nature of the 
alkalis were made more clear, so also were those on 
chlorine. Hydrochloric acid, like all other acids, 
was considered to contain oxygen, and so the 
chlorine obtained from it by oxidation was oxidized 
hydrochloric acid. This supposition gave rise to 
thorough-going investigations on the reduction of 
chlorine. All these experiments, which were carried 
out by Davy and by Gay-Lussac and Thenard, were 
however, fruitless ; chlorine could not be reduced 
even when charcoal was heated to whiteness in the 
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eas. When in 1808 Davy also found that sodium 
on combustion in chloriS gas gives common salt, 
he began openly to maintain the opinion that 
oxidized hydrochloric acid — i.e,, chlorine — ^is a 
simple substance, and that the- oxygen obtained 
when chlorine is led over a heated metallic oxide 
does not come from the gas, but from the oxide ; 
he named this element chlorine. But according to 
this, hydrochloric acid is an acid in which hydrogen 
is the base and oxidized hydrochloric acid takes 
the place of oxygen. Berzelius opposed this view 
vigorously, and made great endeavours to overcome 
it. He was far too much possessed by the idea of 
the value of the general applicability of his theory 
to make concessions at the expense of its unity. 
We find in his replies to Davy less of the experi- 
menter than of the defender of a system ; in fact, 
most of the objections are supported by arguments 
from analogy. 

Davy's views upon the elementary nature of 
chlorine were greatly strengthened by the important 
researches of Gay-Lussac upon iodine in 1813. 
Berzehus himself was persuaded of their correctness 
when he carried out his investigations upon the 
cyanides containing iron. He plainly expresses 
himself to this effect in 1820 in connexion with 
hydrothiocyanic acid : ' From what I have said 
concerning this hydrogen acid and also concerning 
hydrocyanic acid, it will be readily seen that all 
the phenomena connected with them can only be 
explained upon the theory which has recently been 
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put forward for hydrochloric acid.' In the same 
year he recognized that ammonia does not contain 
oxygen, and in 1825 he designated fluorine as a salt- 
forming element like chlorine and iodine. For 
these elements he introduced the term ' halogens ' ; 
their salts he sharply distinguished from those that 
contain oxygen, using the terms ' haloid salts ' and 
^ amphoid salts ' to indicate the two classes. 



The Atomic Weights of Bebzeuus. 

We left the stoichiometrical work of the chemists 
of this time with the equivalents of WoUaston to 
occupy ourselves with the influence of electricity 
upon the development of chemical theory, which 
led to the electro-chemical theory of Berzelius. Now 
that we have considered this question we will return 
to the investigations upon multiple proportions. 

Berzelius endeavoured to blend Gay-Lussac's 
Law of Volumes with the atomic theory by sup- 
posing that when any elementary substance assumes 
the gaseous state a certain volume corresponds to 
each atom ; he termed these smallest fractions 
' atomic volumes.' In this way he was enabled to 
determine the relative atomic weight of hydrogen 
and oxygen from the fact that water consists of 
2 volumes of hydrogen and 1 volume of oxygen. 
The law of volumes therefore served Berzelius as 
a means of deriving the atomic weights of numerous 
elements from the atomic composition of different 
substances. It may be added, as a proof of the 
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enormous capacity for work of Berzelius, that 
besides his activity as a teacher and his other 
theoretical and literary work he determined in a 
little more than ten years the atomic weights of 
about fifty elements from almost two thousand j 

different compounds, the analyses being carried 
out with his own hands. The following values, { 

dating from the year 1818, may serve as examples of I 

the exactness of his work. He referred them to 
oxygen (the ' pole of chemistry ') as 100 ; they are 
here recalculated for oxygen =16, and the present ^ 

values are added in brackets : 

Carbon 12-2 (now 12«0). ^| 

Oxygen 16-0 (now 16-96). 

Iron 1091 (now 660=^ of 112). 

Sodium 93-6 (now 23*0 =i of 92). 

The work of Berzehus received a considerable j 

extension and confirmation when in 1819 two I 

important discoveries of a physico-chemical nature . 

were made. One of these concerns the relations J 

between the atomic weights of the elements and I 

their specific heats, while the other draws attention 
to the connexion between crystalline form and 
chemical constitution. ] 

Dulong and Petit made the discovery that the j 

specific heats of solid elements are almost inversely 
proportional to their atomic weights ; from this they 
derived the statement that the atoms of elementary 
substances possess the same capacity for heat. 
This discovery is naturally a very important aid I 

in determining the relative weights of the atoms, i 

\ 
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for it means that the product of specific heat and 
atomic weight is a constant quantity ; this quantity 
was termed by Dulong and Petit the atomic heat. 
In order to find any particular atomic weight it is 
therefore only necessary to determine the specific 
heat of the element concerned, and then calculate 
the atomic weight from the atomic heat. Dulong 
and Petit carried out this determination in numerous 
instances, and it then appeared that exceptions 
occur in the case of some of the non-metals, the 
explanation of which has only recently been fur- 
nished ; on the whole, however, the investigations of 
these two workers among the metals extended and 
confirmed the results of Berzelius. 

E. Mitscherlich made the im{)ortant discovery 
that crystalline form and chemical constitution 
stand in a certain relation to each other, and so 
explained the occurrence of isomorphous crystals 
of different substances to be due to a similarity of 
chemical constitution. His investigations extended 
chiefiy over the phosphates and arsenates, the 
selenates and sulphates, the oxides of magnesiimi 
and zinc, and those of iron, chromium, and alu- 
minium, together with their salts. From these 
researches upon isomorphism BerzeUus sought to 
derive the atomic weights of elements from the 
isomorphism of their compounds by regarding as 
the relative atomic weights the quantities of the 
elements (referred to hydrogen or oxygen as unity) 
which could replace one another without changing 
the crystalline fornl. 
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This extension of the possibility of atomic weight 
determination caused BerzeUus to make many 
changes as time went on in the values he had 
originally found. A direct impulse towards the 
preparation of a new table of atomic weights was 
given by his researches upon the constitution of 
chromic acid and of chromium sesquioxide. The 
proportion of oxygen to chromium is 3 : 1 in the 
neutral chromates, corresponding to CrOj as the 
formula for chromic acid ; for chromium sesqui- 
oxide, on the other hand, he found the composition 
CrgOa — ^that is, a proportion of oxygen to metal of 
3 : 2. The significance of these considerations lies 
in the fact that the atomic weights of various other 
metals will then be only half as great as those 
hitherto assigned to them by BerzeUus ; these 
halved values also agree with those found by Dulong 
and Petit. This amended table of atomic weights 
was published by Berzelius in 1826, and it deserves 
especial mention that it includes for the first time 
the atomic weights of nitrogen and chlorine, recog- 
nized at last not to contain oxygen. 

In spite of all these tables of atomic weights, 
Berzelius held fast to the assumption that the 
quantities of the elements occupying equal volumes 
in the gaseous state are their atomic weights. This 
opinion was rendered untenable by a method of 
determining vapour densities published in 1827 by 
the chemist J. B. Dumas in the Annates de Chimie 
et de Physique. It would lead too far to describe 
the actual method here, and it may be regarded, 
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besides, as generally known ; we will occupy our- 
selves, rather, with the influence which it exercised 
upon chemical science. Dumas determined, ac- 
cording to his method, the specific gravity of the 
vajKJurs of iodine, mercury, phosphorus, and sulphur, 
and assumed, Uke Berzelius, that the ratio between 
the mutually comparable values obtained in this 
way would be that of their relative atomic weights. 
The result was that the values he obtained did not 
agree with those determined by BerzeUus. Dumas 
found for — 

Iodine . . . . . . . . . . 123-0 

Mercury . . . . . . . . . . 101-0 

Phosphorus . . . . . . . . . . 62-8 

Sulphur . . . . . . . . . . 96*0 

While BerzeUus in his tabl^ of 1826 gives : 

Meroury . . . . . . . . . . 202-80 

Phosphorus 31-40 

Sulphur 32-24 

From this comparison it may easily be seen, 
nevertheless, that simple relations hold between 
the values foimd by these two chemists. These 
results were in themselves calculated to create 
confusion among the chemists Uving at that time, 
and Dumas contributed a great deal to increase this 
confusion by changing atomic weights in quite an 
arbitrary manner. It was for this reason that 
prominent chemists Uke Gay-Lussac or Liebig 
towards the end of this period practicaUy denied 



128 HISTORY OP CHEMISTRY [pabth. 

the possibility of determining the relative weights 
of the atoms, and contented themselves with fixing 
the so-called equivalents. 

Chbmioal AppmiTY. * 

In addition to these investigations upon questions 
raised by the atomic theory, preliminary conclusions 
were obtained in this period regarding the older 
question of chemical affinity. The repeated observa- 
tion that a series of compounds enters into reaction 
with certain others, while with others it does not, 
led even in the time of Albertus Magnus (thirteenth 
century) to the idea that a certain selective affinity 
must subsist between individual compounds, and to 
this property the term affinitas was appUed. Glauber 
then occupied himself more closely with this ques- 
tion, and endeavoured to make its nature more 
evident by the figurative expression of love and 
hate (p. 46). He, as well as Boyle and Stahl after 
him, arranged series of chemically similar sub- 
stances of which each was able to displace the next 
from certain compoimds. This mode of expression 
in the form of series took a shape which persisted 
for some time in the tables of affinity worked out 
by GeoflEroy the elder, which appeared in 1718. 
With the increasing development of chemical know- 
ledge these tables of GeofiEroy had to undergo con- 
tinual extension and revision, and the cases con- 
tinually became more noticeable which could not 
be included in the series, but occupied an anomalous 
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position. There was, of course, no bridle set to 
the imaginations of chemists at that time, and so 
the most incredible opinions arose. Lemery, for 
instance, supposed that one of the bodies was pro- 
vided with sharp points, the other with pores into 
which the points of the former became fixed, and 
so a compound was formed. To Boyle, again, is 
due the idea that the smallest particles of different 
substances attract one another, and that the degree 
of this mutual attraction depends upon the form 
and position of the individual particles. This view 
led, however, to the erroneous opinion that liquid 
substances act better than solid, and gaseous better 
than either. Now and then the attempt was made 
to bring the force with which these particles mutually 
attract each other into relation with the general 
force of gravity. One treatment of the conception 
of chemical affinity from Boyle's point of view is 
due to Bergmann (p. 70), but he maintained the 
erroneous opinion that an acid showed the strongest 
affinity to that base of which it saturated the 
greatest amount when forming a neutral salt. 
Guyton de Morveau brought together all these 
ideas of chemical affinity in the following six laws : 

1. ' CJorpora non agunt, nisi fluida.' . ^ 

2. Affinity is only present between the smallest 
constituent particles of substances. 

3. The affijiity tending to cause combination acts 
only in so far as it predominates over the affinity of 
cohesion. 

4. Two or more substances which by virtue of 

9 
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combining affinity combine with one another form 
a whole which possesses new properties completely 
different from those of either of the substances 
before combination. 

5. The affinities require certain conditions of 
temperature, which make their action slower or ' 
more rapid, destroy it or strengthen it. 

6. From the affinity of one substance for another ^ 
no conclusion can be drawn as to the affinity which ^ 
wiU be exerted by a mass composed of both sub- 
stances with an excess of one of them. i 

These six laws led Guyton de Morveau to the 
further rule that chemical affinity is constant, and | 
at the same time independent of the amounts enter- 1 
ing into reaction. In contradiction to this, how- ^ 
ever, Berthollet stoutly maintained that the mass 
of the reacting substance had considerable influ- ^ 
ence upon its chemical affinity, and concluded, 
further, that the chemical effect of a substance was 
to be considered as the product of its affinity and i 
its mass. This idea had already appeared in 1777 1 
in a book by the Saxon State chemist Karl Friedrich J 
Wenzel, who plainly expressed there the general 
principle now held in chemical science that the 
strength of chemical action is proportional to the 
concentration of the active substance. Wenzel was, 
therefore, the discoverer of the law of mass action ; 
but, unfortunately, through an oversight of Ber- \i 
zelius, his work did not obtain at tjiat time the 
* recognition it deserved. As regards the share of 
Berthollet in this very important law, it seems as t 
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though he developed the conception of chemical 
mass action independently of Wenzel. In working 
out this idea, however, BerthoUet fell into the mis- 
take of not sufficiently regarding the stoichiometric 
relations of individual substances to one another, 
and it was owing to this that his ideas met with 
vigorous opposition at the hands of several chemists 
(Proust, vide supra, p. 99). It required an interval of 
time of almost half a century in order to bring 
them into a form of general applicability. This 
development resulted from the mathematical treat- 
ment of the law of mass action by Guldberg and 
Waage in the year 1867, and in the shape into 
which they put it it has largely conditioned our 
present views of chemistry. 

Such was the position of chemical theory towards - ^ 
the year 1830. At this time, however, there were 
made some discoveries which were of such decisive 
importance for the further development of chemical 
science that it seems justifiable to consider this the 
end of one period and the beginning of a new one. 
These discoveries were the chemical syntheses of 
some few substances formed in Nature, especially 
the synthesis of urea by Wohler (1828). These 
achievements turned the principal attention of 
chemists to the department of organic chemistry, 
and it should be generally known what beautiful 
results have been obtained in this field especially 
by the combined labours of theory and practice. 
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U^BW Elements and Inorganic Compounds. 

The speculations previously mentioned gave occa- 
sion in many cases to the closer investigation of a 
number of compounds, and this brought a great 
increase in experimental material. The fall of the 
theory of phlogiston first produced a sound division 

L between elements and compounds, and as early as 
1789 Lavoisier in his Traite de Chimie coimts twenty- 
' three elements. It was, indeed, his own work which 
proved conclusively the elementary nature of well- 
known metals like iron, zinc, mercury, arsenic, and 
antimony, and which caused the recognition as 
elements of a number of so-called metalloids. 
Among the latter were hydrogen, sulphur, phos- 
phorus, nitrogen, and chlorine. In the case of the 
two last we have seen that their elementary nature 
was vigorously contested for a long time, and that 
very thorough investigations were necessary in 
order to secure for them general recognition as 
elements. The number of elements was further 
increased by the discovery of various new repre- 
sentatives of this class of substances. In 1811 
iodine was discovered by Courtois in the ashes of 
sea-plants, and in 1826 bromine by B alard injt he 
mother-liquors of sea-salt: Both w^e soon seen 
to Fe^elements ' V<S^ similai to chlorine. Tellurium 
was first observed in 1782 by Miiller von Beichen- 
stein, and selenium in 1817 by Berzelius. Boron 
was isolated from boric acid in 1808 simultaneously 
by Gay-Lussao and Davy, while the discovery of 
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silicon fell to Berzelius in 1810. In the investiga- 
tion of the elements carbon, sulphur, and selenium, 
the phenomenon of allotropy was observed, and it 
gave occasion to many researches, in which Berzelius 
especially took a shaxe (p. 149). Potassium and 
sodium were prepared in 1807 by Davy by elec- 
trolysis of their hydroxides, and a short time after- 
wards by Gay-Lussac and Th6nard by reducing 
these comx>ound8 with metallic iron (p. 121). These 
researches were followed by the isolation of barium, 
strontium, calcium, and magnesium. .In 1817 Arf- 
vedson, a pupil of BerzeUus, discovered lithium in 
several minerals. Wohler in 1827 isolated alu- 
minium by acting on its chloride with metallic 
potassium, and in 1828 beryllium in a similar way. 
Vauquelin in 1797 recognized chromium as a con- 
stituent of lead chromate. In 1783 molybdenum 
was isolated by Hjelm and timgsten by D'Elhujax, 
after their existence had been predicted by Scheele 
and by Bergmann. Although platinum was intro- 
duced into Europe from South America as early as 
the middle of the eighteenth century, it was not until 
1804 that palladium was isolated by Wollaston from 
native platinum. The further examination of native 
platinum then led to the discovery of the other 
elements resembUng platinum — ^viz., rhodium, in- 
dium, and osmium. 

Along with this increase in the number of ele- 
ments a systematic treatment of the compounds 
derived from them had developed. In the case of 
the non-metals, the different oxides and the acids 
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derived from them were prepared and investigated. 
To this subject belong the researches of Gay-Lussac 
upon chloric acid, those of Davy and Stadion upon ^ 
hypochlorous acid, and those of Stadion upon per- 
chloric acid ; and these were followed by investiga- 
tions of the corresponding iodine compounds. The 
various sulphuric acids were closely studied by Gay- J 

Lussac. Davy, BerthoUet, and Th6nard took an 
active share in the investigation of the diflEerent 
compounds of arsenic, antimony, and phosphorus. 
The salts of silver were employed by Davy for the 
fixation of light impressions, and to the investiga- 
tion of the cyanogen compounds of iron both Ber- 
zeUus and Gay-Lussac devoted special care. 



Technical Chebhistry. 

All these researches furnished technical chemistry 
with a number of new or improved processes. The 
introduction of continuous working in the sulphuric 
acid manufacture resulted from the use of Gay- 
Lussac and Glover towers, by means of which a 
rational mode of working was first attained. The 
commercial preparation of soda from rock-salt was 
due to Nicholas Leblanc, who started the first soda 
manufactory in the year 1791. BerthoUet's investi- 
gations on the bleachmg action of chlorine prompted 
the method for preparing bleaching powder due to 
Th6nard in 1799. Towards the end of this period 
falls also the discovery of ultramarine, effected in 
1828 by Gmelin and Guinet simultaneously, and 
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this substance was not only technically an ex- 
tremely important dyestuflf, but also gave rise to 
many scientific investigations. 



Obganio Cheiostby. 

The theory of combustion of Lavoisier, and his 
researches relating to it, brought to organic chemistry 
far-reaching changes and much clearer views. From 
his investigations Lavoisier arrived at the conclu- 
sion that all organic compounds contain carbon, 
hydrogen, and oxygen as chief constituents, and in 
a subordinate way nitrogen, phosphorus, and 
sulphur. The formation of carbon dioxide and 
water was employed by Lavoisier as a qualitative 
test for carbon and hydrogen. As a test for nitrogen 
Berthollet and Lasaignac utilized its transformation 
into ammonia or sodium cyanide, while they proved 
the presence of phosphorus or sulphur from the 
formation of phosphoric acid or sulphuric acid on 
oxidation. Lavoisier also indicated the correct way ' 
to carry out the quantitative analysis of organic 
substances, for he endeavoured to determine their 
oxidation products, using as oxidizers compounds 
which readily part with oxygen, such as mercuric 
oxide or red lead. In principle, therefore, his pro- 
cess coincides with the present method of carrying 
out an analysis of that kind, but his statements on 
this point became public only when his diaries were 
examined after his death, and as a result of this the 
quantitative analysis of organic compounds was 
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still very imperfect at the beginning of the last 
century, in spite of many extensive researches by 
Dalton, Saussure, Thenard, Gay-Lussac, and Ber- 
zelius. The chief cause of this was that these 
chemists generally used potassium chlorate as 
oxidizing agent, until Gay-Lussac introduced copper 
oxide, the substance still in general use for this 
purpose. A convenient and simple mode of executing 
such an analysis did not. however, become possible 
till Idebig bad constructed his three-bulb apparatus, 
and that in point of time falls within the next 
period. 

The general extension of chemical knowledge and 
the accompanying increase in the number of known 
compounds soon necessitated a division of the 
various substances into separate groups. The 
observation that a number of chemical compounds 
occur in plants and animals, while others are found 
in the mineral kingdom, led to a distinction between 
mineral, vegetable, and animal chemistry. A 
classification of this kind is due to Bergmann, who 
in 1780 divided chemical compounds into organic 
and inorganic substances. In connexion with this 
stands the general principle, put forward at this 
time, that organic substances could not be pre- 
pared artificially from their elements, but that, on 
the contrary, a certain vital force {via vitalis) was 
necessary for their formation. BerzeUus endeavoured 
to give this classification a still deeper foundation, 
and accordingly described inorganic substances as 
binary compounds, in contradistinction to organic 
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substances, which he considered to be ternary and 
quaternary. He further supposed that the latter 
always consist of more than two elements, though 
this forced him to include marsh gas and other 
similar compounds among the inorganic substances. 

The beautiful researches of Gay-Lussac on cyano- 
gen, which led to its recognition as a compound 
radicle and to the observation of its analogy with 
the halogens, led to the supposition that organic 
compounds consist of certain atomic complexes. 
Prom this point of view Gay-Lussac represented 
alcohol as consisting of ethylene and water, and 
Dobereiner went so far in the same direction as to 
regard oxaHc acid as consisting of water, carbon 
dioxide, and carbon monoxide. 

The increasing observation at this time of cases 
of isomerism — i.e., the phenomenon that organic 
compounds of similar percentage composition may 
possess diflFerent properties — ^made it evident that 
the mere knowledge of the empiri<sal composition 
of a compound could no longer be considered suffi- 
cient, but that the connexion between this and the 
chemical constitution must be sought for in as 
thorough a manner as possible. This, however, 
marks the transition to the next period, in which 
organic chemistry underwent rapidly and indepen- 
dently further development. This rapid growth it 
owes in part to the perfection of the methods of 
organic analysis, but chiefly to a number of for- 
tunate speculations which in the course of time led 
to the building up of structural chemistry. 
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With regard to detailed knowledge in organic 
chemistry, it may be mentioned that a considerable 
number of hydrocarbons was known, including marsh 
gas, ethylene, etc., and the number was further 
increased by the method due to Mitscherlich for the 
isolation of such compounds from crude benzene. 
This was followed by the formation of benzene from 
benzoic acid, and this, again, by the preparation of 
other hydrocarbons from carboxyUc acids — for 
instance, of methane from acetic acid. The salts 
of the organic acids were exhaustively investigated 
by Berzelius, for he sought to discover whether they 
also followed the law of multiple proportions. This 
work led him to the examination of the polybasic 
saturated carboxylic acids, especially succinic acid. 
In 1834 Mitscherlich prepared nitrobenzene by 
acting upon benzene with nitric acid, and Dumas 
and Gerhardt (p. 161) recognized it as a substitu- 
tion product of benzene. These researches resulted 
in the addition of the radicle ' nitryl ' (NOg) to the 
halogens and cyanogen. 

The technical employment of the knowledge gained 
in the study of organic compounds rendered im- 
portant advances possible in the manufacture of 
various organic products. The manufactures of 
starch and sugar may be especially mentioned. 
Although the practical development of the process 
for converting starch into sugar by treatment with 
acids is a matter of recent discovery, yet the first 
observation that sugar is formed from starch under 
certain conditions wa« made in 1811 (Kirchhoff). 
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As early as the end of the preceding century the 
manufacture of sugar from the sugar-beet was 
undertaken, probably because of the Continental 
blockade, which at that time influenced all branches 
of industry. Until the beginning of the nineteenth 
century, however, the manufacture was in a more 
or less precarious condition, although various im- 
provements were introduced into the practical pro- 
cesses themselves. Among these may be mentioned 
the filtration through bone-ash of the refined syrup, 
recommended by Piguier in 1811 and by Derosne 
in 1812, and the vacuum pans introduced by 
Howard in 1813. 



CHAPTER II 

THE PERIOD OF THE DEVELOPMENT OF 
ORGANIC CHEMISTRY 

DuBiNa the period described in ^ the preceding 
chapter the practice of drawing a distinction be- 
tween inorganic or mineral chemistry and organic 
chemistry had become more and tnore established. 
This separation was due to the assumption that 
for the formation of an organic substance a certain 
vital force was necessary. This opinion was over- 
thrown in 1828 by Priedrich Wohler, who succeeded 
in preparing artificiaUy, by heating potassium 
cyanate with ammonium chloride, the substance 
urea, which is present in urine, and is, thereforci 
formed in the human organism. When once a 
beginning had been made with the artificial prepara- 
tion of natural products, further syntheses of this 
kind followed one after another, and this resulted 
in an unexpected development of this side of 
chemistry. Lav/>isier's view was confirmed — ^that 
these substances are all composed of a limited 
number of elements, and always contain carbon. 
This was expressed in general terminology by the 

140 
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use of the expression ^chemistry of the carbon 
compounds/ as opposed to ' inorganic ' chemistry. 
Strictly speaking, it is, of course, incorrect to 
make a distinction between organic and inorganic 
chemistry, for the carbon compounds are com- 
pounds of carbon in just the same way as the 
potassium salts are compounds of potassium, and 
it is necessary, besides, to assign carbonic acid and 
its salts to inorganic chemistry. If, however, a 
division be introduced, then the term * chemistry 
of the carbon compounds ' is still the most suitable, 
and the introduction of a special division for these 
compounds is necessary, if only from reasons of 
convenience, owing to the enormous number of 
known chemical substances. 



BlOGBAPHICAL. 

The duratiotf of this period we shall regard as 
extending to the year 1886, when the promulgation 
of the dissociation theory of Arrhenius again effected 
a considerable change in chemical views. Before 
we concern ourselves with the development of 
chemical thought in this period, we will endeavour 
to obtain an idea of the lives of its more important 
chemists, though by reason of limited space it is 
only possible to treat of a small number, of them. 

Justus von Liebigr was bom at Darmstadt on 
May 12, 1803. He took up at first the calling of an 
apothecary, but soon bade farewell to it, and devoted 
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himself to the study of chemistry, in which he made 
himself known by his researches on fulminating 
silver. The fascinating personality of Schelling 
held him at Erlangen for two years in the spell of 
the natural philosophy current at that time. Thanks 
to his strongly marked independence, he freed him- 
self from this influence, and left Erlangen to wend 
his steps towards Paris, then the centre of chemical 
science, and so we find- him there in 1821 as the 
pupil of Gay-Lussac, with whom he carried out the 
important research upon the fulminates. In 1824 
he was called, as Professor of Chemistry, to Giessen, 
where he was active for twenty-eight years, striving 
hard at the same time for the institution of a rational 
system of chemical instruction. In 1852 he accepted 
a call to the University of Munich. His fruitful life 
was ended by death on April 18, 1873. Liebig was 
especially successful in giving a new form to chemical 
teaching, both in the laboratory and in his lectures, 
so that his pupils spoke of him all their lives with 
genuine enthusiasm. It is no wonder that in his 
time Giessen was the assembling-place of all scientific 
chemists, so that a great number of the most im- 
portant investigators in the field of chemistry are 
to be reckoned among the pupils of Liebig. Of the 
most important of these there may here only be 
mentioned A. W. Hofmann, H. Kopp, Strecker, 
Presenius, Varrentrapp, Muspratt, Gerhardt, Wurtz, 
Prankland, and Volhard. The individual researches 
of Liebig will have to be mentioned so frequently 
in the course of the general description of the work 
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of this period that a special account of them cannot 
be given here. 

Friedrich WOhler, born in 1800 at the village of 
Escherscheim, near Frankfurt am Main, at first 
studied medicine at Marburg and Heidelberg. 
Under the influence of L. GmeUn he soon turned 
to the study of chemistry, and was sent by him to 
Berzelius at Stockholm. In the autumn of 1824 
he returned to Grermany, where he acted as teacher 
of chemistry first at the city technical school in 
Berlin, and later at the technical school at Cassel. 
In the year 1836 he was made Professor of Chemistry 
at the University of Gottingen, where he was active 
till his death on September 23, 1882. He also, in 
addition to being a successful and fruitful original 
worker, was especially active as a teacher ; and, 
like Liebig, he attracted to himself a number of 
pupils, so that the co-operation of these two dis- 
tinguished men was of great influence for the future 
of chemistry in Germany. Among his pupils may 
be named esi)ecially Kolbe, Geuther, Limprichty 
Fittig, and Beilstein. 

J. B. A. Dumas was bom at Alais in the year 1800. 
He was at first an apothecary, and while following 
that calling came to Geneva. In that town he met 
various chemidts, and obtained from this intercourse 
much incitement to scientific study. In 1823 A. von 
Humboldt caused him to go to Paris, where he after- 
wards remained. In addition to his activity as Pro- 
fessor of Chemistry, he also occupied various dis- 
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tinguished positions in public life, becoming a 
Minister in 1848, and in 1868 perpetual secretary 
of the Academie des Sciences, He died in 1884 at 
Cannes. His important researches in physics and 
chemistry we have in part become acquainted with 
in the preceding chapter, but we shall also fre- 
quently meet with them in the more detailed account 
of this period. 

Robert Wilhelm Bunsei)^ bom on March 31, 
1811, at Gottingen, became, after a short career as 
lecturer there, Wohler's successor in Cassel. In 
1838 he was made Professor at Marburg, then spent 
a short time at Breslau, and in 1858 became Pro- 
fessor at Heidelberg. He died at an advanced age 
in 1902. Bunsen, who began his scientific work 
with the researches upon cacodyl compounds, occu- 
pied himself later principally with physico-chemical 
problems, among which his investigations on spec- 
trum analysis may be regarded as the most important 
scientific advance. By the naming of the German 
electro-chemical society the DetUsche BunsengeseU- 
schaft far Angewandte Physikalische Chemie his name 
was for ever associated with physical chemistry. 

Augruste Laurent, bom in 1807 at La FoUe, near 
Langers, was a pupil of Dumas. He was at first 
Professor at Bordeaux, and became in 1848 Warden 
of the Mint at Paris, where he died in 1863. 

His friend, Karl Gerhardt, was bom in 1816 at 
Strassburg. He studied at various German institu- 
tions, among others at Giessen under Liebig. He 
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afterwards worked for some years in Paris, became 
in 1844^ Professor of Chemistry at Montpellier, in 
1848 at Paris, and in 1855 at Strassburg, where he 
died in 1856. 

C. A. Wurtz, bom in 1817 at Strassburg, was a 
pupil of Liebig and Dumas. In 1845 he became 
Professor of Chemistry at various institutions in 
Paris. From 1866 to 1877 he was Dean of the 
Medical Faculty, and he died in Paris in 1884. In 
addition to carrying out splendid experimental in- 
vestigations in organic chemistry, he also displayed 
successful literary activity, publishing, besides the 
Dtctionnaire de Chimie Pure et Appliquee, the 
Lefons de Philosophie Chimique (1864), a Traiti 
Slementaire de Chimie MSdicale (1864), and La 
Theorie Atomique (1879). 

August Wilhelm von Hofinann was bom at Gies- 
sen on April 3, 1818. It may very well have been 
Liebig's influence which caused him to tum to 
chemistry after several years of philosophical and 
legal studies. He was at first Liebig's assistant, 
then for a short time lecturer at Bonn, whence he 
was called in 1845 to the newly founded College of 
Chemistry in London. In 1864 he returned to Bonn, 
and in 1865 became the successor of Mitscherlich 
at the University of Berlin. He died on May 6, 
1892. His numerous and very successful experi- 
mental investigations were chiefly concerned with 
organic substances containing nitrogen and phos- 
phorus, and were of the most far-reaching import- 

10 
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anoe in the development of the coal-tar dye industry. 
He was the founder of the German Chemical Society 
(1868), which in recognition of his services preserved 
a lasting memorial to him by giving his name to the 
building erected by subscription in 1900 for the 
meetings of the society (the HofmannhaiLs). 

A. W. Williamson, a pupil of Liebig, was bom in 
1824. He was Professor of Chemistry at University 
College, London. His researches on the formation 
and constitution of the ethers are of especial im- 
portance. 

Augrust Kekulfi, bom September 7, 1829, at Darm- 
stadt, was lecturer at Heidelberg from the year 1856, 
and became in 1858 Professor of Chemistry at Geneva, 
whence he moved to Bonn in 1865. Here he re- 
mained till his death on July J 3, 1896. His re- 
searches, which were of fundamental importance for 
the theoretical views of organic chemistry, and also 
influenced the practical application of organic reac- 
tions, show him to have been one of the greatest of 
chemical investigators. Among the results of his 
Uterary activity, his text-book of organic chemistry 
deserves especial mention. A permanent and worthy 
memorial of him was furnished by his pupils and 
colleagues by the erection of a monument to him, 
which has found a place in front of the Chemical 
Department of the University of Bonn. 

Hermann Kolbe, bom in 1818 at EUiehausen, 
near Gottingen, studied from 1838 und^r WpWet in 
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Gottingen. Between 1842 and 1847 he was partly 
in Marburg as Bunsen's assistant, partly in London 
with Lyon Playfair, and partly in Brunswick as 
editor of the Dictumary of Chemistry, founded by 
Liebig. In 1851 he became the successor of Bunsen 
at Marburg, and in 1865 accepted a call to Leipzig, 
where he was active till his death on November 25, 
1884. For forty-two years he enriched chemistry 
with a series of striking researches of a theoretical 
and experimental nature. In regard to his literary 
activity, there should be especially mentioned, in 
addition to numerous essays for the above-men- 
tioned dictionary, a comprehensive text-book of 
organic chemistry, which was followed later by a 
shorter one on inorganic and organic chemistry. 
Prom 1870 he also conducted the pubUcation of the 
Journal fur praktiache Ghemiey founded by Erd- 
mann. 

E. Frankland, bom in 1825, worked at first in 
Germany under the direction of Liebig, Bunsen, 
and Kolbe, and became later Professor of Chemistry, 
first at Manchester, then in London. In addition 
to the discovery of the organo-metallic compounds, 
which have only recently attained great importance 
from the work of Grignard, his investigations made 
essential contributions to our ideas on the nature of 
the valency of the elements. 



10—2 
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\ 
\ 

ISOMEEISM AND ChEIOCAL CONSTITUTION. ^' 

Wohler's synthesis of urea, besides being a real 
organic sa^oithesis, furnished in ad^^tion the most 
striking demonstration that two chemical compounds 
of similar quantitative composition may })ossess dif- 
ferent properties, and be, therefore, two diflFerent 
substances. Various cases of this kind had abeady 
become known. As instances may be mentioned 
the various modifications of silica, the two forms of 
calcium carbonate, and fulminic acid, which was 
discovered by Liebig in 1819, and possesses the same 
composition as cyanic acid. But none of the 
examples known at that time was ^o striking as 
that of urea and ammonium cyanate, ^ot ^he former 
is a decided base and the latter a well-defined salt. 
When Berzelius in 1830 fotmd that the acid arising 
as a by-product in the preparation of tartaric acid 
has the same percentage composition as the latter, 
he took in hand (though at first slowly) the further 
treatment of this question. In spite of the scanty 
material which stood at his command, he was able 
to classify this phenomenon. He termed com- 
pounds isomeric which, although of the same per- 
centage composition, possessed different properties, 
and distmguished two kinds of cases of this sort— 
those of polymerism and those of metamerism. 
Polymeric substances are those which have similar 
percentage composition, but different properties and 
different atomic weights (according to Berzelius) ; 
while metameric substances possess similar com- 
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* 

position, different properties, and the same atomic 
3s:^gfit*" "In" the year 1841 he further separated 
isomerism in the case of elements from these iso- 
meric phenomena, and termed it ' aJlotropy.* An^ 
example of allotropy is found in the case of carbon 
(diamond, graphite and amorphous). 

Berzelius was further concerned to give himself 
some account of the cause of this phenomenon. 
From many indications in his work on the subject, 
it appears that he supposed a different placing of 
the atoms to be the probable cause of isomerism. 
He indicates, for instance, the difference between 
stannous sulphate and stannic sulphite, according 
to his mode of formulation, thus : SnO + SOs and 
SnOa+SOg. We are, however, in no way justified 
in supposing that Berzelius conceived the problem 
of the special arrangement of the atoms in the mole- 
cule in the form which, as a result of the develop- 
ment of organic chemistry, it now takes in modem 
stereochemistry. Nevertheless, the observation of 
isomerism in compounds, though perhaps it did not 
originate the inquiry into the constitution of chemical 
compounds, yet certainly brought it very much into 
the foreground. As early as the very year in which 
Wohler prepared urea synthetically, Dumas and 
Boullay showed, in the course of a research upon 
alcohol and the ethers, that a certain atomic group, 
a so-caUed radicle, was peculiar to all these sub- 
stances. They put their results together in a table 
from which their views on this point may be 
plainly seen, and they also indicate that these sub- 
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stances may be compared with the ammonium 
compounds : 



Olefiant gas : 

Ethyl chloride : 

C^H^+Ha. 

Ether: 

Alcohol : 
2C4H^+2H20. 
Acetic ester : 
2C,H,+ 08H,0,+ H,0. 



Ammonia : 

NH3. 

Sal ammoniac : 

NH3+ Ha. 



Ammonium acetate : 
2NH3+C3H,03+H20. 



Towards this view BerzeUus adopted at first a 
very cautious attitude ; he speaks of it, for instance, 
in one place as ^ a symbolical mode of expression 
which cannot be considered to represent the real 
constitution of the substances.' Later, however, he 
fell in with Dumas' views, and introduced the term 
* etherin ' for the radicle C4H4. 



Theory of Radicles.- 

Here, therefore, we find the opinion maintained 
that to organic substances certain common atomic 
groups may be assigned, and that these play the same 
part as the elements do in inorganic compounds. A i 
further advance in the assumption of such radicles 
was made by the memorable researches of Liebig 
and Wohler on the radicle of benzoic acid. This 
york brought into peneral ft nnApf.fl.T)f *e the view tEat _,, 
orgamc compounds owe their properties to the j 
radicles-TfontaJnedln them'r^The^is^^Sg3Sa1ftir- 
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nished such complete proof of thej^sence of the 
ra^ele beiizoy l"1l[~ a "whole senes of compounds, 
that the TdrenriBts of the time were convinced that 
the radicles pfoved tO'existin fluet^eemp©«nds-were 
t qjbe re g ai'ded ^ay Tgaliy existeHt groupy of atoms, 
and that their isolation ^ught* t5' ft© "irefempted. 
As alcohol and ether, and a series of compounds 
closely related to these two, were the most carefuUy 
investigated, they formed the principal material 
for the further development of the radicle theory. 
For its working out Berzelius and Idebig were 
chiefly responsible. The former endeavoured in 
1833^, with the help of his dualistic theory of in- 
organic compounds, to represent all organic sub- 
stances also as possessing a binary composition. 
For this purpose he had to give up again the view 
which he had temporarily held as to the existence 
of radicles containing oxygen ; in order to avoid this, 
he regarded benzoyl as the oxide of the complex 
C14H10, and benzoic acid free from water as its per- 
oxide. Ether is, according to this view, the sub- 
oxide of the radicle ethyl — he formulated it 
(C2H6)20 — ^and alcohol he represented in the same 
way as the oxide of the radicle CgH,,. We may see 
from this what difficulties his theory would en- 
counter, for by this classification the very close re- 
lationship between ether and alcohol is not in any 
way expressed. 

Liebig felt this inconvenience quite plainly, but 
in the endeavour to remove it he made a new mistake 
by arbitrarily ascribing to the radicles concerned 
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atomic weights twice as great as before. Ether he 
represented as the oxide of the radicle C4Hxo-~(».e., 
as 2(C4Hio).0 — and alcohol as its hydroxide — f.e.^ as) 
C4H10O.H2O — SO comparing the former with potas- 
sium oxide, and the latter with potassium hydrate. 
The difference between the system of Idebig and 
that of Dumas lay, therefore, in the fact that Dumas 
represented ether as a hydrate (2C4H4.H2O ; c/. 
p. 150), while Liebig made it an oxide — 2(C4Hio).0. 
Dumas maintained his etherin theory for a long time 
in opposition to Liebig's views, but was unable to 
sustain it in the end, especially when the discovery 
of the mercaptans by Feise in 1834 gave Liebig a 
new opportunity to discusa the reasons for and 
against his theory. This publication appeared in 
1836 in the Anwxlen der Chemie und Pharmazie ; 
he represented the mercaptans similarly to alcohol, 
as consisting of ethyl sulphide and hydrogen sul- 
phide, an(} came to the conclusion that ether is not 
a hydrate, but an oxide. When finally Dumas gave 
up his etherin theory and joined Liebig in further 
investigations, the theory of radicles reached (to- 
wards the year 1837) its highest point. In Liebig's 
name Dumas makes a point of the comparison of 
the organic radicles with the elements, and in a paper 
which appeared in the Comptes Revdua de VAcademie 
dea Sciences in Paris he designates organic chemistry 
as ' the chemistry of the compound radicles.' The 
passage reads : ' Organic chemistry has its own 
elements, which play the part sometimes of chlorine 
or of oxygen, sometimes of a metal. Cyanogen, 
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amidogen, benzoyl, the radicles of ammonia, of the 
fats, of alcohol and its derivatives form the real 
elements of organic nature, while the most simple 
constituents — carbon, hydrogen, oxygen, and nitro- 
gen — ^first make their appearance when the organic 
matter is destroyed.' 

In further working out the theory of rctdicles, the 
need arose of a somewhat more precise definition of 
the conception of a radicle ; this was furnished by 
Liebig, who in 1838 characterized the radicle cyano- 
gen in the following terms : ' We call cyanogen a 
radicle because — 

'1. It is the unchanging constituent of a series of 
compounds ; because 

* 2. It may be replaced in these compounds by 
other simple bodies ; and because 

' 3. In its compounds with a simple substance the 
latter can be separated and replaced by equivalents 
of other simple substances.' 

He further laid it down that a radicle was to be 
regarded as such if it fulfilled at least two of these 
conditions. This gave a stimulus to the careful 
investigation of the chemical behaviour of organic 
substances with special reference to their trans- 
formation and decomposition products. This it is 
mainly that we owe to the theory of radicles, in 
spite of the numerous errors into which it led 
chemists at the time. About the year 1860 the 
theory of radicles received considerable support 
from Bunsen's researches on the cacodyl compounds. 
This work showed that the product obtained by dis- 
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tilling arsenious acid with potassium acetate con- 
tained an arsenical radicle, which remained un- 
changed in a series of reactions, and, moreover — 
an especially valuable point for the current views — 
could be isolated. The radicle was named cacodyl, 
and the above product is consequently to be repre- * 
sented as its oxide, with the formula QH^^AsO. 



The Phenomena op Substttution. 

Before we follow the course of the rcwlicle theory 
further, we must concern ourselves with the study of 
some researches of Dumas, which also fall in the 
fourth decade of the last century. The occasion for 
these investigations was given by Gay-Lussac's 
discovery of the formation of cyanogen chloride 
from hydrocyanic acid, as well as the synthesis of 
hexachloroethane from ethylene chloride by Fara- 
day, and the preparation of benzoyl chloride from 
benzaldehyde according to Liebig and Wohler. The 
point of these researches is that in various organic 
compounds hydrogen can be replaced by other 
elements or radicles. These observations stand, 
however, in contradiction to the dualistic doctrine 
of Berzelius, because electro-positive hydrogen is 
replaced by the electro-negative elements chlorine, 
bromine, and iodine. 

With the assistance of his own investigations of 

the year 1834 upon the ftntifmnf nhlCTJ^nft nprni ^il 

^ of t urp entine, and upon the fnrTnfl.f.ift]] pf fihlnrp.1 

» from alooEoIT Dumas obtained two rules by which 
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to expreHs tl^^ fanta of substitution (for which he 



proposed the term metaleps ie) , without putj 
forward any theory in connexion with it. The two 
rules are : 

1. If a substance containing hydrogen be sub- 
jected to the dehydrogenating influence of chlorine, 
bromine, or iodine, it takes up for each atom of 
hydrogen which it loses an equal volume of chlorine, 
bromine, etc. 

2. If the substance contain water, it loses the 
hydrogen corresponding to this without replace- 
ment. 

While the former of these rules is intelligible 
as it stands, the latter requires a commentary. We 
must realize in particular that Dumas represented 
alcohol as a compound of ethylene and water 
(p. 150), and if we formulate this, the second rule 
in his paper should become clear : * 

Alcohol. OhloraL 

The facts set out in these two fltatfin^ft pta PAyfiftd 
Dumas to u ndertake f\i r^ liftr ftxpftri ^ ftntfl in thia 
direction. He investigated, for instance, the oxida- 
tion 61 alcohol to acetic acid, and found that in this 
case every atom of hydrogen is replaced by half an 
atom of oxygen. This led him to make a change 
in the former of the two rules quoted above ; he 
now said : 

' Wh^n a compound is subjected to the dehydro- 
genating action of a substance, it takes up an 
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amount of the latter equivalent to the hydrogen 
lost.' 

By this change DumaB rlrirlrJTirtirfltati ihir i\^f9*- 
^nce bet ween atom and equ ivalent , and in this point 
lies tne great sigmncance ot his two rules. 

Laurent went a step further in the treatment of 
substitution processes in endeavouring to compare 
the chemical nature of the substituted with that of 
the original compound. He found that some simi- 
larities are still present between them, and this led 
him in 1839 to state that in chlorine substitution, 
for example, the chlorine molecules occupy the space 
left vacant by the hydrogen molecules, and that 
therefore in the new cpmpnund the nl ^^ Qrin ^ p lays 
to a certain extent the same part that the hydrogen 
did in the original ouq. ^ 



The Theory op Nuclei and TH^f Theory op 

Types. 

The result of this view was for Laurent to suppose 
thejexistence of so-called 'jSftplgi^ in organic com- 

poundB. He dis^guished_ betw^QU. primitiVft 

nuclei, composed of carbon and hydrogen in simple 
atomic proportions, anc ^ dep ved or secf >THf][p.ry pugJAj , 
arising either by substitution of the hydrogen by 
other elements or compound radicles such as amido- 
gen or nitrile, or by addition of atoms. Xhg^^eory 
of nuclei of Laurent differed from the radic le the ory 
essentially in denying the uiichangeableness^of the 
radicles. Xiebig and Berzelius in particular opposed 
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it most energetically. Unfortunately, the researches 
of Laurent contained, even in the experimental 
portions, so many nyy^jflflir^n s and inaccuracie s that 
it was not difficult for his opponents to criticize it 
sharply. Liebig, in his review of the theory, even 
comes to the conclusion that it is unscientific and 

jn]ucuais. It was supporte d again, however, D y 
the researches of Dumas upo n chloracetic acid, in 
1839, for this work furnished definite proof that in 
the case considered a real analogy exist s between the 
ori ginal substance and the substitution products. 

y Dumas used these observations to build up his 
theory of types. Since acetic acid in which six 
atoms of hydrogen are replaced by six atoms of 
chlorine nevertheless remains a monobasic acid, 
and gives similarly constituted products with caustic 
potash, he concluded that in organic chemistry there 
are certain types which persist even when in place 
of hydrogen an equal volume of chlorine, bromine, 
or iodine is introduced. To the same chemical type 
are therefore to be ascribed acetic acid and tri:: 
chloracetic ac idy aldehy de, and ch loral , as well as 
marsh-gas, chlo roform, bro moform, a n d iodofo rm. 
A, chemical type includes, in fac t, co mpounds which 
yntain the sam e number of eqidvalents combined 
in the same way. Dumas e£Fected an extension of 
this conception of typea by the introduction of the 
so-called ' mechanical type,' to which he assigned 
all compoS^dsl^^cE can1>^ imagmed to be forme d 
from each other by equivalent substitution, even 
though their properties be quite different. What 
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idea Dumas had of these types may be seen best f rgm 
his statement that ' alcohol, acetic acid, and chlor- 
acetic acid belong^to the same natural family, acetic 
acid and chloracetic acid to the same species.' It 
is therefore easily seen that the theory of types of 
Dumas closely follows the theory of nuclei of Laurent, 
and it may be considered certain that, although 
Dumas in his publications quotes Laurent in many 
places, in time many ideas due to Laurent came to 
be ascribed to Dumas, who enjoyed just at that time 
a great authority. It is worth mentioning further 
that Dumas also assumed th e replace ability of 
carbon by other elements and compou n d gr oups : 
tms he was led to do by Walter's experiments upon 
the action of sulphur trioxide on camphoric acid, 
in which were obtained a sulpho-camphoric acid and 
carbon monoxide. ^^^^QBg!l ^^f° ^ypntihp^Plfl ™fit- 
at the time^mth the^most yigorous opp osition ^ tiffie 
has shown that Dumas wasjCLQji,,^Ifing. 

The most important consequence which was to be 
drawn from the theory of types was the desire f oj 
monistic system, and so Du mas directed himself 
with energy against the dualistic theory, which for 
twenty years had suffered no attact. He did not in 
any way deny the influence of electrical forces in 
chemical reactions, but that the electrical condition 
of the atoms should be unchangeable he c onsidered 

* '" • « • «.,.«•-• <'«»<'•> ••M«M>1ir ari l^ lil t >!■-» ♦'■^**^*i*^— M^— B— IK 

to be irreconcilable with the phenomena of sub- 
stitution^ a^nd therefora wrong. 

His position towards dualism may be expressed 
thus : ^ Eyery chemical compound forms a separate 
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unit, and does not ther efore consi s t of two parts ; 

arrangement and number of the atoms, and only to 
a subo rdinate degree upon their chemical nature.* 
It was not easy for Berzelius to maintain his dualistic 
system under these circumstances. First he re- 
iected the TK)S8ib ilitv of radicJ^^ontarnTni^x^^gen 
and Bulphnr . allowing only those which contam 
carbon, nitrogen, and hydrogen. In this way he 
compared benzoyl with manganese dioxide, benzoic 
acid with manganic acid, thus : 

Cj^HjjOy MnOy 

Cj^HijO.. MnO,. 

Cj^Hj^. Mn. 

Chloracetic acid was then represented as a com- 
pound of oxaUc acid and carbon chloride, or, as he 
termed it, an oxalic acid conjugated with C2CI0 : 

and acetic acid as the trioxide of the radicle acetyl, 
04!!^ — i.e., as €411^ + 03 — so that in the year 1840 
he still denied the existence of any s imilarity be - 
tween the two acids. Wten in 1842 Melsens sue- 



m i n> -». 



tmm 



ceedtedjyaturning chlorace tic ac id back again into 
ac etic acj c^ by the action of potassium amalgam, 
he termed a cet ip^Acid a coPJ^pat ed^^n-ji;{jj[^^ AniH 
whose conjunct is CgH^. This conjunct CgH^ was 
converted into Cgde by the action of chlorine upon 
acetic acid : 

C^fLQ+ C^OgHO Aoetio acid. 
^2^6+ ^2^3^^ Chloracetic acid. 
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Here Berzelius expressed nothing else than the 
possibility of a substitution within a so-called con- 
junct. It is therefore easy to see that even with this 
assumption of conjuncts an extension of the electro- 
chemical theory to organic chemistry was impos- 
sible, because it did not agree with observation. 
As a result of this, the followers ^f ^nn|ffl m became 
less and less numerous, and in 1844 Liebig began 
openly to oppose these speculatio ns of Berzelius. 

^•^ *•» Mil I iiiiiiiMiwii I I . I f -t ■■til «<»••. ««M««p)miaHWi«a*^Hai^aBM^B** 

The work which was mainly instrumental in causing 
Liebig to incline to the monistic view was A. W. 
Hofmann's investigation in the laboratory at 
Giessen of the chlorme and bromine derivatives of 
aniline. This research showed that the chemical 
character of a substance is dependent to no small 
extent upon the arrangement of the atoms. On 
the whole, it is noticeable at this period that the 
greater number of chemists turned their attention 
more and more away from the theoretical considera- 
tions of organic chemistry to the other departments 
of chemistry. A change m this respect did not occur 
until Laurenty in conjunction with Gerhardt, at- 
tempted a unification of the theory of r adicles and 
the theory of types. This theory is termed, to dis- 
tinguish it from that of Dumas, ' the later theory of 
types.' To begin with, Gerhard t denies the pr e- 
existence of water in most organic compounds, and 
finds no grounds for the assumption that the sub- 
stances produced in a reaction are already contained 
in the reacting substances, as was frequently sup- 
posed at that time. He points out, on the contrary. 
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that JhArA i« «■ n1^ nf onr»r.nnnH« which are forme d 
in nlm nat. ftVAr y nrfr«.nin HA^ omPOsitJOn . although the 

substances decomposed camiot be reconstructed 
from them. Such substances ar e of simple com- 
position, but of extraordinary stabili ty, sucn as 
water, carbon dioxide, hydrochloric acid, and 
ammonia. Grerhardt was led to these conclusions 
chiefly by the investigation of the formation of 
nitrobenzene from benzene and nitric acid, which 
had already been observed by Mitscherlich. He 
even speaks on this subject as follows : ' When two 
substances react on one another, one of them loses 
an element (hydrogen), which unites with an element 
(oxygen) from the other to form a stable compound 
(water), and then the " residues " u nite with one 
another. In the case of nitrobenzene, the benzene 
yields the hydrogen and the nitric acid the oxygen 
necessary to form water, and so nitrobenzene is in 
some sense a compound of two radicles — ^the residue 
of the benzene and the residue of the nitric 
acid.' 

By the term 'residues.' accordingly, he understood 
atomic complexes which, on account of the strong er 
affinitv nf thft ^ in glft i^^ mpnta for one another , 
remam qver whefi ^^o su bstances react, and umte 
with o ne another. This theory is termed the theory 
of residues. Gerhardt represented the residues, 
however, not as real groups of atoms actually present 
in compounds ; they eidsted there in a * substitu- 
tion form ' di£Ferent from that of compounds of 
similar composition in- the free state. As an ex- 

11 
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ample, the action of sulphuric acid on benzene may 
serve ; the SOg residue produced is not identical 
with the SOg in lead sulphite, but is in the so-called 
substitution form. The nitrobenzene reaction also 
lead him to the determination of the basicity of acids. 
For in this case there is formed from monobasic 
nitric acid a neutral compound, nitrobenzene, 
while by acting with dibasic sulphuric acid upon 
alcohol, monobasic ethylsulphuric acid is obtained'. 
These facts led Gerhardt to state the following law : 
The basicity of a conjugated compound is equal to 
the sum of the basicities of the conjugating sub- 
stances minus one. This rendered it possible to 
determine the saturation-capacity of the acids, and 
so he was able to indicate acetic acid, as well as hydro- 
chloric and nitric acids, as monobasic, sulphuric acid 
and oxalic acid as dibasic. 

Of particularly great influence on the further 
development of tlie views as to the constitution of 
organic compounds wr^^^ WiHlij^insnuj 's r^sea^phes 
upon the action of ethyl iofH ^Q m pf^tftftaiynn ethyl- 
ateTthey were undertaken ilthe hope of obtaining 
alcohol, but instead of this ether was produced. The 
most simple and plausible explanation of this result 
was furnished by the derivation of alcohol and ether 
from water, which was published by Laurent in 
1846. Laurent expressed this in a table, in which he 
at the same time also compared these substances 
with the alkalis. 



HHO. 


EtHO. 


EtEtO. 


KHO. 


KKO. 


Water. 


Alcohol. 


Ether. 


Potassium 
hydrate. 


Fotassinm 
oxide. 
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Williamson was consequently able to formulate 
as follows the reaction discovered by him : 

The researches in which he followed up this reac- 
tion contributed stiU further to strengthen these 
opinions. By the action of methyl iodide on potas- 
sium ethylate he obtained ethylmethylether, and 
he was able to obtain the same compound from 
potassium methylate and ethyl iodide : 

^^^0+ CH3I =^50+ KI. 

^«0+C,H,I=C^^O+KI. 

These results further gave occasion for a thorough 
investigation of the formation of ether from alcohol 
and sulphuric acid, which had often attracted atten- 
tion before, and had been explained as being due 
to the dehydrating action of the sulphuric acid. 
Liebig now showed that the formation of ethyl- 
sulphuric acid preceded the production of ether, so 
that the sulphuric acid did not withdraw water 
from the alcohol, but ether, which united with the 
sulphuric acid to form ethylsulphuric acid, and this 
substance then decomposed at a temperature of 
120-140^ into" sulphuric acid and ether. Berzelius, 
however, did not agree to this explanation, and en- 
deavoured to maintain, on the contrary, that the 
sulphuric acid did not take part in the reaction, but 
was only a ' contact-substance,' and that therefore 

11—2 
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the action takes place as a result of its catalytic 
power. 

In the year 1850 it was further shown by Graham 
that ethylsulphuric acid only gives rise to ether 
when alcohol is present, and that it is decomposed by 
water into alcohol and sulphuric acid. Williamson 
explained the former reaction by the equation 



'f»SO,+ ^foO=^§0+X 



Williamson's views found confirmation from the 
production of ethylamylether from ethylsulphuric 
acid and amyl alcohol, and from several other 
syntheses of these so-called ' mixed ethers.' The 
comparison of organic substances with water is , as 
Williamson says, oi great use in the examination o f 
chemical reactions, since it simplifies our views 
and lays down a common basis for comparison. 

By acting with potassium hydrate on cyanic 
esters, Wurtz, in 1849, obtaine d substa nces beari ng 
a remarkable hkeness to ammo,nifl k and he derived 
these from anmionia in the same way as Laurent 
and Williamson had derived alcohol and ether from 
water. These compounds are, in fact, ammonia in 
which hydrogen is replaced by the radicles methyl, 
ethyl, etc. A. W. Hofmann arrived at the same 
compounds by treating the alkyl iodides with am- 
monia, and so furnished no inconsiderable con- 
firmation of the views of Wurtz. The result of these 
researches was. as Wurtz expressed it, the in troduc - 
tion of amm onia as a ' type.' _-~^/ 
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By means of the reaction which led Wurtz to the 
formation of substituted ammonias, Williamson in 
1851 lyas able to prove that the dibasic acids depen d 
upon the presence of polybasic rac^cle s. He formu- 
lated the Wurtz reaction as follows : 



|03+°^»0=^0,+ Y*H, 



and speaks of it thus : ^ The atom CO is equivalent 
to two hydrogen atoms; when it replaces them it 
holds together two atoms of potassium hydrate in 
which the hydrogen was contained, and so there 
necessarily arises a dibasic compound, potassium car- 
bonate.' In this way he explained the production 
of oxamide from the dibasic radicle C2O4, and was 
able to isolate, in addition to sulphuryl chloride 
(already obtained by Begnault from sulphur dioxide 
and chlorine), chlorsulphonic acid, which he prepared 
by . acting upon Bulphuric a<5id with phosphorus 
chloride. As a result of the latter experiments he 
represented sulphuric acid as a dibasic acid, and was 
also able to disprove Gerhardt's view that formation 
of anhydride must always precede formation of 
chloride in the case of a dibasic acid. 



Geehabdt's Classification. 

Gerhardt now took up an observation made by 
Schiel in 1842, that the alcohol radicles form a series 
the separate members of which always differ by 
nCH,. He called substances which differ by nCH^ 
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' homologous,' and showed that they all display 
great chemical similarity, while, according to the 
researches of Kopp, their physical properties slowly 
but continuously change. ^ Isologous ' are, accord- 
ing to Glerhardt, compounds which possess similar 
chemical properties, but do not differ from each 
other by nCR^' Instances are acetic acid and ben- 
zoic acid. ' Heterologous ' he termed compounds 
which might be formed from each other by simple 
reactions, and are therefore related by their mode 
of formation, though chemically different. 

This is the fundamental idea of Gerhardt's classi- 
fication of organic compounds. He himself com- 
pares this arrangement very aptly with a pack of 
cards laid out according to the colour and value of 
the separate . cards. Every card that is wanting is 
determined in colour and value by its position ; and 
so also the wanting members of a chemical series can 
be described beforehand in respect of principal 
properties — origin, decomposition, etc. 

The members of all heterologous, homologous, and 
isologous groups he referred to the four primitive 
types : water, hydrochloric acid, hydrogen, and 
ammonia. It may be added for the sake of 
example that he assigned to the water-type all 
alcohols, ethers, acids, anhydrides, aldehydes, and 
ketones. 

In this way radicles were introduced into the 
mechanical types of Begnault and Dumas, certainly 
in derhardt's sense of the term, for he had defined 



this conception as early as 1839, declari 




r ^ 
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t o be residues of comp ^^]Tif^«^ xi^Ki/^ii ir% fiftp^jn 
reactions coiild be transferred without decompos i- 
tio n from one substance to anotJier . They were not, 
therefore, necessarily capable oi inaependent exist- 
ence, but only expressed the relations according to 
which elements or groups of atoms can naturiBilly 
replace one another. Gerhardt further pointed out 
that the symbols obtained do not represent the real 
arrangement of the atoms themselves ; he con- 
sidered it to be impossible to determine the true 



MWMMMM 



constitution of substances, and it was probably in 
this respect that CJerhardt's classification appeared 
wanting to the chemists of the time. It probably 
owed its gener al accepta nce to reason s of con veni- 
ence, as Liebig pointedly says when he speaks of its 
' usefulness.' 



Atom, Moleculb, and Equivalent. 

Before we concern ourselves further with the fate 
of the theory of types and of Gerhardt's classifica- 
tion, and with their passage into structural chem- 
istry, it is necessary to deal with some opinions 
on the conceptions ' atom,' ' molecule,' and ' equiva- 
lent,' expressed by Gerhardt and Laurent between 
the years 1840 and 1860, We have seen in the pre- 
ceding chapter with what good fortune Berzelius 
determined the relative atomic weights of the 
different elements. About the year 1840 the whole 
system which had grown out of this work threatened, 
under the influence of Gmelin and his school, to 
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be forsaken. Efforts were made to replace the 
atomic weights of BerzeUus by so-called combining 
weights (also termed * equivalents '), which were to 
be the values expressing the simplest proportions 
of the reacting substances. The result of this was 
to cause most of the values given by Berzelius to 
be halved, so that numbers like C = 6, = 8, etc., 
were introduced. TThen in 1842 Gerhardt pointed 
out that the quantities of water, carbon dioxide, etc., 
produced in organic reactions never correspond to 
one equivalent, but always to a multiple of it, usually 
two. If, therefore, the symbols Ha02, C2O4 in the 
system of Gmelin indicate one equivalent, then the 
formulae of all inorganic compounds must be doubled, 
while if they correspond to two equivalents a halving 
of the organic formulae must be resorted to. Ger- 
hardt sought to abohsh this contradiction by de- 
ciding in favour of the atomic weights of Berzelius 
(H = 1,C=12, = 16). A complete extension of his 
views Gerhardt was not able to effect ; this was 
chiefly due to the fact that he wrote the metallic 
oxides McaO, referring them to the water-type, while 
Berzelius represented them as MeO. As a result of 
this, he ascribed to a number of elements, such as 
calcium, lead, etc., values half as great as those of 
Berzelius — e.g., Ca = 20, Pb= 103*5. As Gerhardt 
also termed these numbers equivalents, much con- 
fusion was created in this direction, and was only 
removed later by considerations advanced in con- 
junction with Laurent. The latter pointed out in 
a decisive manner that the equivalents of elements 
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of Glerhardt are not at all comparable with those of 
the compounds. He made it clear that the former 
were the atomic weights of the elements, and the 
latter the molecular weights of the compounds, and 
understood by the term * molecular weight ' the weight 
(either of an element or of a compound) which under 
similar physical conditions occupies the same volume 
as two atoms of hydrogen. In this way he obtained 
for chlorine the formula CI2, for oxygen O2, for 
nitrogen N», etc. In general, he defined a molecule 
as the smallest quantity which must be employed 
to bring a compound into existence. By the term 
* atom ' he understood, on the contrary, the smallest 
quantity of an element which occurs in compound 
substances. As atomic weights, there came into 
consideration, therefore, the values of Grerhardt and 
Berzelius. The equivalents, on the contrary, he 
conceived as equivalent quantities of analogous 
substances, and he laid especial emphasis on the 
point that one and the same element can possess 
different equivalents. 

These views, however, found at the time but slight 
recognition ; the combining weights of Gmelin were 
for the most part adhered to, so that even Grerhardt 
himself, in his text-book of 1853, still employed 
equivalent formulae for the sake of generality. 
Full light was first brought into this confusion 
through the efforts of the Italian chemist Stanislaus 
Cannizaro, who strove for the acceptance of the 
atomic weights obtained from the vapour densities, 
and in the case of the metals assumed, in opposition 
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to Gerhardt, the values calculated from their 
specific heats. 

We may now turn back again to Gerhardt's classi- 
fication of organic compounds. We have already 
seen that the chief point in its favour was its con- 
venience, but that it could not long satisfy chemists, 
since in no way did It furnish any conclusion as to 
the constitution of the substances concerned. In 
an extension of it in this direction Frankland and 
Kolbe took the greatest share. Kolbe sought to 
revive the views of Berzelius, and took up again the 
idea of conjuncts, probably on account of his 
synthesis of trichloracetic itcid by acting upon 
betrachlorethylene in sunlight in the presence of 
water. He formulates it, like Berzelius, as a con- 
jugated oxalic acid — CaCle+CaOg + HO (c/. p. 169). 
In addition, both Kolbe and Frankland undei:stood 
radicles in the old sense of the term, not in Ger- 
hardt's, and from this are derived the researches 
upon the electrolysis of organic acids, in which Kolbe 
was led by the idea of splitting acetic acid into the 
conjuncts, methyl and oxalic acid, ascribed to it. 
To these researches belong (1844-1860) the prepara- 
tion of methyl cyanide from ammonium acetate and 
phosphoric anhydride by Dumas, the saponification 
of the nitriles by Frankland and Kolbe, and the 
isolation of ethyl from ethyl iodide by means of zinc 
by Frankland. They were all utilized by Kolbe to 
rehabilitate the theory of conjuncts. He termed, 
for instance, cacodyl, methyl conjugated with arsenic, 

AsCHj (0=6); acetic acid, (CaH^gOsHO ; aide- 
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Ixyde, (CaHj^aO-HO, etc. This formulation cer- 
-ta^inly had the advantage that, as Kolbe himself 
pointed out, the four carbon equivalents of acetic 
a^cid are not of equal value, two being contained in 
it> as methyl, while the other two form the point of 
a^'ttachment for the affinity of thg oxygen. 



Valency. 

In 1862 Frankland attacked Kolbe's princijJie, 
according to which the conjugating radicle is of 
subordinate importance in determining the nature 
of the compound, and was also able to convince him 
that this view was untenable. Frankland showed 
that arsenic in the free state could combine with 
five atoms of oxygen, but as cacodyl, on the contrary, 
only with three atoms ; he described this by saying 
that arsenic, in conjugating with methyl, changes 
its saturation-capacity. He then carried over the 
results obtained in these investigations, and in thode 
on tin ethyl and antimony ethyl, to the inorganic 
compounds of nitrogen, phosphorus, arsenic, and 
antimony. He found that these elements, in form- 
^ ing compounds, show a tendency to unite either with 
three or with five equivalents of other elements. 
The ratio 1 : 3 occurs in the case of — 

NOg, NH , NI3, NS3, 
^ - PO,PH3,Pa3. 

SbOj, SbHg, SbQg, 
' AsOg, A8H3, AaQj, 
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and the ratio 1 : 5 in — 

NO5, NH4O, NH J. 

It is su£Sciently clear from this, as Frankland 
himself says {Ann. der Ghem,, 85, 368), that a regu- 
larity of this kind obtains, and that the affinity of 
the combining atoms of the above-'named elements 
is always satisfied by the same number of atoms 
entering into combination, without regard to their 
chemical character. In the same paper he further 
says, declaring himself in favour of a fusion of the 
theory of types with the electro-chemical theory of 
radicles : * For while it is clear that certain types of 
series of compounds do exist, it is, on the other 
hand, also clear that the nature of a substance derived 
from the original type depends considerably upon the 
electro-chemical character of the separate atoms con- 
.tained in it, and not solely upon the relative position 
of these atoms.' Here Frankland has really given 
up the idea of conjugation, and accepted the theory 
of types, though certainly in a somewhat altered 
form. 

Kolbe, in 1867, expressed his agreement with 
Frankland's views, but strove to extend them 
further. He endeavoured to represent organic 
compounds entirely as derivatives of inorganic com- 
pounds, to some extent as arising from them by 
simple substitution ; for he derived all carbon com- 
pounds from carbonic acid, all sulphur compounds 
from sulphuric acid. 
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In Frankland's papers there is ascribed to the 
elementary atoms a varying but none the less always 
definite saturation-capacity, and this view contains 
the fundamental idea of the doctrine of valency. 
Although the latter is derived directly from Frank- 
land's researches, yet it would nevertheless be 
justifiable to say that the doctrine of valency 
would have arisen without these researches, for it 
is a consequence of the separation of atom and 
equivalent. If the atoms are not of equal value, 
the question must arise as to what relation they 
bear to one another, and that is the question of 
valency. ^ 

What is remarkable about the origin of the doc- 
trine of valency in general is that it required the 
investigation of such compUcated substances as 
organic compounds, in order to bring into notice phe- 
nomena which are much more obvious among simple 
inorganic substances.* Analogously the special 
valency relations in the case of carbon were not dis- 
covered in the simplest way, as it is indicated by 
the two compounds CO and COg. Here, also, in- 
vestigations of complicated compounds were neces- 
sary before an insight into these relations was ob- 
tained. To this subject belong the researches of 
Rayt upon the tribasic formic ester, those of Ber- 
thollet} upon glycerine, and those of Buff§ upon 

* E. von Meyer, Geschichte der Chemie, 1905, p. 287. 

t Journ. Chem, 8oc., 7, 224. 

X Ann. de Chim, et de Phys. [3], 41, 319 

§ Ann, der Chem., 96, 302. 
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ethylene, together with those of Wurtz* upon glycol, 
inwhich they found extension. A special descrip- 
tion of them here would lead too far. 



StBUOTTJBAL FOBMULiE. 

In '1867 Kekul6 derived all compounds of the 
methyl series from the type hydrogen methyl — 
for example : 

Hydrogen methjL Methyl chloride. Chloroform. 

>. 

i 

etc. With this is connected further work of Kekule, 
which he put together fn a paper, published in the 
Annalen der Chemie in 1868, entitled * On the Con- 
stitution and Metamorphoses of Chemical Compounds 
and on the Chemical Nature of Carbon.' ^ By these 
considerations he made it possible to extend the 
type ' methyl ' to all carbon compounds, and so 
called into being a new system of organic chemistry. 
Starting from iFrankland's researches on nitrogen 
and phosphorus, he applied the views developed by 
the latter in this connexion to the case of carbon, 
and so arrived at the tetravalence of carbon. He 
established this in the following words : ' If one 
considers the simplest compounds pf this element, 
CH4, CH3CI, CCI4, CHCI3, COCI2, COa, CS2, and CNH, 
it becomes obvious that the quantity of carbon 
which chemists have regarded as the least possible, 
as the atom, is always united with four atoms of a 

* CampUs Bendw, 43, 199. 
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monatomic or two of a diatomic element, that in 
general the sum of the chemical units of the elements 
combined with an atom of carbon is equal to four. 
This leads to the vi ew that carbon is tetratomic* 
Similar ideas had already been expressed by Kolbe 
and Frankland, so that it is not justifiable to ascribe 
to Kekul6 the introduction of the conception of 
atomicity into chemistry. He himself also spoke 
in a very reserved manner of his views in this con- 
nexion, so that it is rather his followers who have 
unjustifiably exalted Kekul6's share in the matter. 
His service to chemistry is more to be sought in the 
fact that, by reason of the elementary saturation- 
capacity, he arrived at the idea that the elementary 
atoms in general are united to a varying degree 
among themselves, and that an exchange, and con- 
sequently a destruction, of single affinities occurs. 
Applying these views to the compounds of carbon, 
he showed that in the case of substances containing 
several atoms of carbon it must be supposed that 
some, at least, of the atoms are held by the carbon 
affinity, so that the carbon atoms themselves are 
united to each other by means of a portion of the 
affinity of one atom, and an equal. amount of the 
affinity of another in each case. In this way he 
gave expression to the doctrine of the linkage of 
atoms in chains. He writes on this point as follows :* 
'The simplest and therefore the most probable 
instance of such a union of two carbon atoms is 
that in which one affinity of one atom is united with 

* Ann. der Chem., 106» 154. 
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one of the other. Of the 2x4 units of affinity of 
the two carbon atoms, two are therefore employed 
in holding together the two atoms ; there remain 
consequently six others which can be satisfied by 
atoms of other elements.' These views were still 
capable of much extension ; Kekul6 also speaks, for 
instance, of a closer union of the carbon atoms in 
benzene and naphthalene, as well as of the case 
when two units of affinity are mutually satisfied, 
and of the relations in which other elements unite 
with carbon atoms. Independently of Kekuli^, 
Couper* arrived at similar views, and he introduced 
also the use of a line to indicate the elements 
united with one another, thereby laying the basis 
for structural formulae. The term ' structure ' is 
due to Butlerow,t though he erroneously meant by 
it the real arrangement of the atoms. 

Various organic acids were closely investigated by 
Kolbe and Wurtz, on the basis of the tetratomicity 
of carbon. It was the researches on some oxyacids, 
such as glycollic acid and lactic acid, which led 
Wurtz to distinguish between atomicity and bast- 
city. The former he described as conditioned by 
the valency of the radicle concerned, the latter by 
the number of hydrogen atoms replaceable by a 
metal. Further light was thrown upon this ques- 
tion by Kekul6 in his text-book (1861), in which he 
says that lactic acid contains two typical hydrogen 
atoms — i.e., hydrogen atoms united to carbon by 

* Gompies Rendus, 46, 1167 ; Ann, Chim. aPhya. [3], 58, 469. 
t Ztschr, /. CAem., 1861, 553. 
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means of oxygen. The two atoms are, however, 
different in properties, for one of them, like the 
typical hydrogen in acetic acid, is influenced by 
two oxygen atoms, while the other plays a part 
similar to that of the typical hydrogen in alcohol. 

In the year 1862 Friedel obtained from acetone 
a propyl alcohol identical with that obtained by 
Berthelot from propylene. This Kolbe regarded 
as one of his isomeric alcohols, the possible exist- 
ence of which he had prophesied in 1859, and he 
ascribed to it the formula 

This formulation received confirmation from the fact 
that this isomeric alcohol yielded acetone on oxida- 
tion. The amylene hydrate, discovered by Wurtz 
in 1862, and also termed by Kolbe an isomeric — 
that is, secondary— alcohol, was first recognized as a 
tertiary alcohol by Wischnegradsky in the year 1879. 
Kolbe in 1864 compared the alcohols with the amines, 
and so arrived at the following formulae for them : 



^2^8 



C2,0,H0. C^ 



8 



|.C2,0,H0. C2H3 



C2,0,H0. 



H 

Simply methylated •. Doubbr methylated Triply methylated 

mewyl alcohol. methyl aloohoL meuiyl alcohoL 

By the action of oxalic ester on zinc ethyl Frank- 
land obtained an acid which Kolbe represented as a 
diethyloxyacetic acid, corresponding to the formula 






OH. 

12 
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Kolbe further succeeded in obtaining an isobutyric 
acid, as well as three isomers of the formula of 
valerianic acid, Geuther in 1864 discovered aceto- 
acetic ester, which through the work of Frankland 
and Duppa, and later of J. Wislicenus, became the 
starting-point for numerous syntheses of organic 
acids, by which our knowledge of the acids in 
general and of isomerism in particular, was rendered 
much clearer. By all these researches scientific 
organic chemists were continually being more in- 
cited to seek an explanation of the phenomena of 
isomerism ; for the attempt to give the simplest 
possible form to these numerous cases, the so-called 
structural formulae, developed with the help of the 
lines proposed by Couper, offered many advantages, 
and found accordingly more and more extensive 
use. It was easy to represent in this way the 
mutual relations of the separate atoms — i.e., their 
mode of union. Although some important chemists 
like Butlerow and Kolbe fell into the error of think- 
ing that by help of these formulae the actual spacial 
arrangement of the atoms themselves could be ex- 
pressed, yet this was not the general view. On the 
contrary, objections to such an idea were raised 
from various quarters. Nevertheless, this view gave 
rise to such notions as that the smallest particles of 
the elements were provided with Uttle hooks in 
which the hooks of others became fixed (Naquet 
and Baeyer). 

At the beginning of this chapter it has been men- 
tioned that BerzeUus recognized racemic acid as a 
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compound isomeric with tartaric acid. In the years 
^1860 and 1861 Pasteur investigated more closely 
this instance of isomerism, and found 4hat there 
are four isomeric tartaric acids. Two of these show 
a peculiar behaviour towards polarized Ught, for 
they rotate the plane of polarization through the 
same angle, but in opposite directions. Pasteur 
further found that a mixture of the two in equal 
amounts produced racemic acid, which did not 
rotate the plane of polarization, and that it is pos- 
sible by suitable means to split up racemic acid in 
its two ^ optically active ' components. Similar 
cases were also observed with other substances — 
for instance, amyl alcohol, aspartic acid, etc. Carius 
introduced for this kind of isomerism the term 
'physical isomerism.' In 1875 he Bel and van't 
Hoff sought to explain this isomerism with the aid 
of the atomic theory by referring the phenomenon 
of optical activity to the presence of a so-called 
' asymmetric carbon-atom ' — i.e., one having its 
four valencies united to four different elements or 
groups of atoms. 

We see, therefore, that the whole complicated 
structure of organic chemistry may be nevertheless 
built up in a comparatively simple way by assuming 
the tetravalency of carbon, and it was the natural 
endeavour of the chemists of that time to apply to 
inorganic chemistry also a view which had shown 
itself so fruitful in the department of organic 
chemistry. Here difficulties were soon met with, 
however, because the elements showed a varying 

12—2 
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valenoy. As an example may be cited ammonia, 
in which the nitrogen only claims three units of 
affinity, and ammonium chloride, la which it claims 
five. Some chemists ascribed to the elements a so- 
called ^ maximum saturation-capacity '; so that 
every element is provided with a definite number 
of points of affinity, of which in many cases only 
part are combined with other elements. Kekule, 
however, resolutely opposed these views. He con- 
sidered the atomicity of the elements as a funda- 
mental property of the atoms, which would be as 
unchangeable as the atomic weights. Nitrogen he 
supposed trivalent, the halogens monovalent, and 
carbon tetravalent. In order to extend these sup- 
positions completely he had to have resort to new 
hypotheses, and from these arose his classification 
of chemical compounds as atomic compounds and 
molecular compounds, and he was forced to suppose 
that in the latter the components were held together 
by forces different from those in the former. He 
expressed this in formulation by writing the two 
components separately — ^f or instance : 

Phosphorus pentaohloride, PQ3.G1^ ; 
Ammonium chloride, N^lg^HCf. 

The especial characteristic of atomic compounds 
was, according to Kekul6, that they should be 
capable of assuming the gaseous condition without 
decomposing, while molecular compounds split up 
on,heating in the manner indicated in their formulae. 
Suoh a classification became untenable when it had 
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been observed (apart from a number of other ex- 
ceptions) that phosphorus pentafluoride remained 
undecomposed in the gaseous state ; and so, towards 
the end of this period, most chemists must have 
been persuaded that the saturation-capacity of the ^ 
atoms did vary under certain conditions. 

Mention ought also to be made here of various 
researches which were carried out at this time, and 
which were occupied with the question of the 
equivalence of the four affinities of carbon. The 
investigations referred to seem to have decided the 
question in the affirmative. 

Although the constitution of a great number of 
organic compounds may be explained in a compara- 
tively easy and simple way by supposing that the 
individual carbon atoms saturate one another, and 
so form a sort of ^ carbon chain,' yet even Kekul6 
found that it is not possible to subject all organic 
substances to this assumption. In this connexion 
especially the compounds poor in hydrogen caused 
cbnsiderable difficulty. 

Kolbe, Couper, and Wurtz gave it as their opinion 
that in ethylene or in acrylic acid one or more 
carbon atoms must be supposed to be trivalent, 
while Kekul6 gave the preference to a double, or in 
other cases triple, binding of the separate carbon 
atoms. Later, however, he dropped this view, and 
expressed himself to the effect that the affinities 
of the individual carbon atoms were not fully 
saturated. In fact, on the whole, this question as 
to the constitution of such compounds is even now 
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not quite satisfactorily settled, though the general 
inclination is to the idea of a multiple linkage as 
expressed in the common terms ^ double bond ' and 
' triple bond.' Still greater difficulties for the ques- 
tion of constitution were furnished by benzene and 
its derivatives. Kekul^ first showed that benzene 
is the mother-substance of all those compounds 
which, on account of their connexion with some 
strongly smelling oils, are termed ' aromatic,' as 
opposed to the other organic compounds which, by 
reason of their relations with the fats, are termed 
^ aliphatic ' or fatty substances. 

Kekul^, who, as has already been stated, spoke 
of a closer binding of the carbon atoms in benzene 
and naphthalene, solved the question as to the 
constitution of benzene in a very fortunate way. 
Premising the tetravalency of carbon and the mono- 
valency of hydrogen, he assumed in these com- 
pounds a linkage of the carbon atoms not in a 
simple chain, but so that they close to form a ring 
in which they are united three times by one valency 
each and three times by two. By this formula he 
could explain the non-existence of isomeric mono- 
substitution products of benzene, as well as the non- 
existence of more than three bi- and three tri- 
substitution products : 

CH 

/ \ 
HO OH 

11 I 

HO, ^OH 

\^^ 
CH 
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It was certainly soon pointed out from various 
quarters that, according to Kekul6's formula, the 
existence of four bi-substitution products must be 
possible. The results of such considerations were 
proposals to alter Kekul6's formula, as evidenced 
by the prism formula of Ladenburg, the diagonal 
formula of Claus, the centric formula of Baeyer, 
and the quinone formula of Dewar. To strengthen 
his view, Kekule then made a further hypothesis, in 
which he assumes an oscillation of the fourth carbon 
valency between the carbon atoms, so that each 
two carbon atoms are sometimes singly, sometimes 
doubly, bound. In general, one finds the formula 
of Baeyer and that of Kekul6 most frequently em- 
ployed. . In tliis way the difference between the 
fatty substances and the aromatic compounds is 
laid down : in the former the carbon atoms are 
united with each other in the form of an open chain, 
in the latter in the form of a ring. 

The successful explanation of so many peculi- 
arities of the benzene derivatives by means of 
Kekul6's idea of the ring formula led to the assump- 
tion of similar rings in various other compounds, 
not only in those, consisting only of ^arbon and 
hydrogen, but in those containing nitrogeji, sulphur, 
or oxygen as well. The benzene formula was fol- 
lowed by that of naphthalene by Erlenmeyer, then 
by that of pyridine by Dewar (1871) and Komer, 
and that of quinoline by Dewar (1871). To these 
followed thiophene, furane, and pyrrole, in which 
the ring is to be formed not from six, but from five 



. W* , . HISTORY OP CHEMISTRY [pabt n. 

rafip'ms. In course of time compounds were alsO 
'Obtaiued in which only three .or four atoms tinke 
tpailt in: the ring [formation, as in the case of::tri«- 
-methytene. (Freund, 1882) and of the derivatiyes of 
tetram:ethylene and pentamethylene. 

These views led to a close study of isomerism 
among organic compounds, and these phenomena 
proved to be especially interesting in the case oi 
benzene and its derivatives. Kekul6 at an early 
date suggested the idea of determining the "posi- 
tion ' of substituting groups, and the subject found 
successful treatment in the researches of Baeyer, 
Graebe, Ladenburg, and others. 



Vapoxte Densities. 

We have already seen (p. 126) that the method 
of determining vapour densities discovered by 
Dumas exercised a great influence on the deter- 
mination of the atomic weights. It is, therefore, 
not remarkable that the need had made itself felt 
of simplifying and improving this method as much 
as possible. Dumas in his method determined 
direofcly.the weight of a given volume of the vapour. 
6ay-Lusaao, and later A. W. Hofmann (1868), 
changed the principle of the expeiament by measur- 
ing the. gaseous yolume occupied by a weighed 
quantity of the substance to. be. investigated. In 
1878 this method was again altei^ed by V. Meyer. 
He carried out the determination by measuring the 
volume of air. or other indifferent gas which was 
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« 

displaced by the substance under investigation' 
wh^ it is turned into vapour. This method ren- 
dered it possible to determine v%ipour deiishies at^ 
various temperatures by correspondingly chainging 
the liquid used in the heating-bath — ^water, sulphur, 
nitrobenzene, etc. In this way it was found that 
iodine is monatomic at a temperature of 1,700° I 
that aluminium chloride corresponds at low tem- 
peratures to the formula AIjCIq, at higher tempera- 
tures to the formula AIOI3 ; and that to mercurous 
chloride in the form of vapour the formula HgCl is 
to be ascribed. These observations had consider- 
able significance for the doctrine of valency. 

Spectrum Analysis. 

Even during the phlogistic period the observa- 
tion was made by Marggraf and Scheele that sodium 
compounds, for instance, impart to the flame an 
intense yellow colour. Later, we find close investi- 
gations of the spectra of many coloured flames. 
There may be mentioned here the researches of 
John Herschel (1822), Fox Talbot (1826), W. A. 
Miller (1845), and Swan (1856) ; and in addition the 
spectra ^ of electric sparks were investigirted -by 
Frauenhofer, Wollaston, Wheatstone, Angstrom, 
and others. In all these researches, however^ the 
question was always left out of consideration as to 
whether the bright Imed o£ an incandescent gas are 
conditioned by its individual chemical constituents. 
This question was first answered in 1859 by Kirch- 
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hoff and Bunsen, who found that the bright lines 
of an incandescent gas do depend on its chemical 
constituents. The second statement made by them» 
that the manner of combination, the temperature, 
and the pressure are without influence, experienced 
in the course of time many limitations, which were 
made by Roscoe and Clifton, MitscherUch, and 
others. As a result of the work of Bunsen and 
Earchhoff, it was possible to develop an analytical 
method from the phenomenon of the bright lines 
of a spectrum, and this method brilliantly showed 
its extraordinary fruitfulness in the discovery of 
new elements (c/. p. 190). The close investigation 
of the solar spectrum, in conjunction with the other 
observations, permitted the solution of the question 
as to what elements are contained in the sun. In 
connexion with this matter, besides Earchhoff and 
others, Miiller and Kempf (1886), Rowland (1881- 
1888), and Thal6n deserve especial mention. 



The Periodic System. 

Before we concern ourselves with the historical 
development of the individual branches of chemistry 
which rapidly grew under the influence of the theo- 
retical speculations previously described, we must 
consider some advances in the theoretical views of 
inorganic chemistry. The English chemist New- 
lands and the German chemist Lothar Meyer 
arranged the elements in a series in the order of 
their atomic weights, and they found that, after a 
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certain period, the physical and chemical properties 
of the elements concerned showed great similarity, 
so that the elements can be divided in this way 
into natural groups. Although this, attempt did 
not at first find much recognition, yet it took com- 
prehensible shape in the year 1869 through exten- 
sions of it by L. Meyer and Mendel6eff, due to many 
new and accurate determinations of the atomic 
weights. The fruit of these researches was the 
establishment of the so-called periodic system of 
the elements, which gives expression to the fact 
that the properties of the elements- are periodic 
functions of their atomic weights. By its help 
Mendel^ff was enabled to predict, by filling up 
existing gaps, the existence of unknown elements, 
and even the approximate value of their atomic 
weights. The success which crowned these specula- 
tions is shown by the fulfilment of such prophecies 
in the discovery of germanium, gallium, and scan- 
dium. 



Analytical Chemistby. 

Especial importance was attached at this time to 
a rational treatment of the chemical processes for 
the qualitative and quantitative determination of 
elements in their compounds. The beginnings of 
qualitative analysis, which we had occasion to 
describe in the former period, were continually 
more extended through the researches of Berzelius, 
Klaproth, and others, until they found a conclusion 
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in the present tables of chemical analysis, due to 
Pfaff, Rose, and especially to Remigius Fresenius. 
Analysis in the dry way also found no inconsider- 
able extension. As early as the phlogistic period 
the use of flame reactions was recommended by 
Marggraf. In 1820 the use of the blowpipe was 
introduced by Berzelius and Hausmann, while 
spectral analysis was discovered by Bunsen and 
Kirchhoff in 1859. Although Lavoisier, who intro- 
duced the use of the balance into chemistry, did 
not work out any practical method for the separa- 
tion of inorganic compounds, yet useful methods 
of this description are due to Berzelius, Wohler, 
Rose, and also especially to Fresenius. Volumetric 
analysis, introduced by Gay-Lussac in his introduc- 
tion to chlorimetry (1824) and to alkalimetry (1828) 
was principally enriched in useful methods by 
Bunsen, Mohr, and Volhard. Some of these methods 
are still in general use. Gas analysis owes much to 
Bunsen, Winkler, and Hempel, as well as to the old^r 
chemists, such as Gay-Lussac, Dalton, Henry, etc. 

The quantitative analysis of organic compounds 
worked out by Liebig was confined solely to those 
organic substances which contain carbon, hydrogen, 
and oxygen (c/. p. 135). Dumas in 1830 extended 
the scope of this kind of analysis by indicating a 
means for the accurate determination of nitrogen 
in organic compounds. The principle of this method 
was the measurement of the nitrogen as such. To 
Will and Varrentrapp* is due another method^ in 

* Ann, der Chem,, 89, 257. 
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which the nitrogen is converted into ammonia, and 
in the form Kjeldahl* gave it this is stUl in general 
use. All these advances in the working out of 
useful analytical methods were also of great influ- 
ence on the investigation of food and drugs, and 
on forensic chemistry. In this connexion may be 
especially mentioned Fresenius, Stas, Husemann, 
and Konig. 



Inorganic Chemistby. 

In considering the detailed advances in inorganic 
chemistry the increase in the number of elements 
is first to be mentioned. In the years 1860 and 
1861 caesium and rubidium were observed by Bunsen 
and Earchhoff with the aid of spectrum analysis in 
lepidolite and in the mineral waters of Diirkheim, 
and were isolated therefrom. Gallium (1875) and 
indium (1863) were discovered in zinc ores, the 
former by Lecoq de Boisbaudran, the latter by 
Beich and Bichter. Early in the forties Mosander 
discovered lanthanum, didynfium, erbium, and 
thallium in the earth from Ytterby, and these were 
followed by the discovery of scandium by Nilson 
and of ytterbium by Marignac. Vanadium, known 
in combination from the beginning of the nineteenth 
century, was obtained in the free state, and recog- 
nized as an element by Boscoe in 1867. As was to 
be expected, the determination of the atomic 
weights of these new elements occupied the atten- 

* Zeiischrift fik Arudyi. Chemie, 22, 366 ; 24, 455. 
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tion of various chemists, and the atomic weights 
of elements akeady known were also subjected to 
thorough examination. In this connexion these 
sjpecially deserve mention : Bunsen, for indium, 
caesium, and rubidium ; Stas for sulphur, sodium, 
and potassium ; Marignac for potassium, sodium, 
and metals of the alkaline earths ; Crookes for 
thallium ; and Winkler for aliuninium, etc. 

Careful attention was devoted to the occurrence 
of allotropy in the case of various elements, such as 
carbon, sulphur, and selenium. The transforma- 
tion of ordinary phosphorus into the red modifica- 
tion, already observed by BerzeHus, was fully- 
studied in 1845 by Schrotter. The investigation 
of the crystalline forms of elements, like boron and 
silicon, hitherto known only in the amorphous con- 
dition, was carried out by Wohler, and this was 
followed by the observation of amorphous and 
crystalline forms of chemical compounds, such as 
arsenious acid, mercuric iodide, and others. In 
1842 ozone was discovered by Schonbein, and its 
composition and relation to oxygen were investigated 
by him, as well as by Marignac, De la Rive, Andrews, 
and Soret. Hand in hand with these researches 
went also the investigation of individual compounds 
of the diflEerent elements. On account of the narrow 
limits of this volume it is impossible even partially 
to catalogue the great number of newly prepared 
compounds in the province of inorganic chemistry. 
A short sketch of the most important will, therefore, 
only be given. Among the halogens, the exhaus- 
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tive researches of Gay-Lussac and others led in 
1869 to the preparation of hydrofluoric acid in 
the pure state by Fremy and Grore, and in the same 
year Nikl^s fell a victim to the terrible effects of 
this compound. In addition to ozone as a strongly 
oxidizing agent, there was discovered hydrogen 
peroxide. The various stages of oxidation of the 
halogens, sulphur, nitrogen, phosphorus, and arsenic 
were subjected to closer study. Among the 
advances in the knowledge of metaUic compounds 
the investigations on the action of light upon silver 
salts shall receive mention, as well as the ap- 
plication of this phenomenon for the fixation of 
light impressions. Boyle, Scheele, Bitter, and Davy 
(c/. p. 134) had already made observations in this 
connexion. To Daguerre and Talbot, however, is due 
the credit of having laid the foundations of photo- 
graphy, which has now reached so high a state of 
development. After Talbot had replaced the iodized 
silver plates by sensitive paper, Ni^pce, Fry, and 
Archer in 1847 prepared negative pictures upon glass 
by the use of albumin or coUodion. 

Obganio Ghemistby. 

An increase of the experimental material took 
place during this period still more among organic 
compounds than in the province of inorganic 
chemi)9try. This is not remarkable, for in the main 
all the theoretical developments, especially that of 
the doctrine of valency, were carried out upon 
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organic material. Here also, however, we must 
confine ourselves to a very cursory description of 
the progress in individual branches of the subject. 

Among the hydrocarbons may be mentioned the 
syntheses by Wurtz,* the application of his reaction 
to ^aromatic compounds by Mttig, and the prepara- 
tion of aromatic hydrocarbons by Friedel and 
Craft's method with the aid of aluminium chloride, f 
Exhaustive investigations by Baeyer on the con- 
stitution of benzene date from the years 1888 to 
18904 The carboxylic acids received exhaustive 
treatment : the saturated polybasic acids chiefly 
from Kolbe, and the unsaturated from Kekul6. 
The phthalic acids were closely studied in the course 
of Baeyer's work on benzene mentioned above. A 
general synthesis for the preparation of aromatic 
carboxyhc acids with unsaturated side-chains was 
worked out by Perkin in the year 1877.§ Cahours 
indicated a general method for the preparation of 
acid chlorides by the action of phosphorus penta- 
chloride on the acids, || and the use of phosphorus 
trichloride instead of the pentachloride was recom- 
mended by B^amp.^ In continuation of this Ger- 
hardt showed the way to the preparation of the 
anhydrides, while the formation of acid amides 
from the chlorides was already known to liebig 

* Ann. (Mm. Phys., [3], 44, 273. 
t ^»»- ^ Ghem., 181, 130. 
t Ibid., 245, 251, 256, and 268. 
§ Ibid., 147, 230. 
II Ann. Ghim. Phys., [3], 87, 285. 
f CompUs Rendua, 40, 044. 
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and Wohler. The oxyaoids were thoroughly in- 
vestigated in the case of the lactic acids by J. Wis- 
licenus, and they formed at the same time the sub- 
ject of the manifold experiments of Pasteur which 
led to the establishment of he Bel and van't Hoff 's 
theory of optical isomerism (c/. p. 179). In the 
case of the oxyacids of benzene, the synthesis of 
salicylic acid discovered by Kolbe* in 1860 is of 
especial importance. Of the aldehydes and ketones, 
acetaldehyde and acetone were dealt with by 
Liebig. The constitution of the aldehydes was 
first proved by Kolbe, and as early as this time 
they were generally obtained by oxidation of the 
alcohols. Benzaldehyde was also (as has already 
been mentioned) investigated by Liebig in con- 
junction with Wohler. Formaldehyde was, how- 
ever, first obtained by A. W. Hofmann,t and the 
synthesis of ketones from acid chlorides and zinc 
alkyls is due to Williamson j: (1852). 

The action of chlorine upon acetic acid was 
studied by Dumas in connexion with his work on 
the phenomenon of substitution, and these researches 
gave occasion to numerous investigations on the 
action of chlorine and bromine upon hydrocarbons. 
In 1862 H. Miiller observed the abtion of iodine as 
a chlorine carrier in the case of benzene and its 
homologues, and exhaustive investigations of this 
point were undertaken, especially by L. Meyer, 

* Ann, der Chem., 113 and 115. 
t Proc. Boyal Society, 16, 166. 
X Ann, der Ghem., 81, 86. 
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Among the aliphatic compounds, especially car- 
boxylic acids, Hell and Volhard, showed the applica- 
tion of amorphous phosphorus as a bromine carrier. 
The nitro-compounds were discovered in 1834 by 
Mitscherhch, who obtained nitrobenzene* by the 
action of nitric acid on benzene (c/. p. 138). By 
the action of sulphuric acid on benzene the same 
chemist in 1833 obtained benzene-sulphonic acid.f 
Among organic nitrogen compounds we have seen 
that the amines (c/. p. 164) were for the first time 
closely investigated by A. W. Hofmann. In the 
aromatic series, azobenzene was first prepared by 
Mitscherhch:|: in 1863, azoxybenzene by Zinin,§ and 
hydrazobenzene in 1863 by A. W. Hofmann. || In 
the year 1869 Peter Griess made the important 
discovery of the diazo - compounds, and in the 
theoretical consideration of these substances, in 
particular of the question of their constitution, 
Blomstrand and Kekul6 took a share during this 
period. Among cyanogen compounds, hydrocyanic 
acid was investigated by Berthollet, the ferrocyano- 
gen compounds and the sulphocyanogen compounds 
by Berzehus, and cyanic acid by Liebig. The alkyl- 
cyanides were first prepared by Dumas^ in 1847 by 
treating the ammonium salts of the organic acids 
with phosphorus pentoxide, and their conversion ^ 
into the corresponding carboxylic acids by means | 

* Ann. der Chem., 12, 305. 

t Po99' ^nn,, 29, 231 ; 81, 628. J Ihid,, 82, 324. 

§ Ann. der Chem,, 85, 328. 

II Jahresb, der Chemie, 1863, 424. 

^ Comptea Bend., 25, 383, 442. 
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of potash was carried out by Kolbe and Frankland* 
in 1848. The isonitriles isomeric with them were 
predicted by Kolbe, and actually obtained in 1867 
by A. W. Hofmann.f The latter also studied the 
alkyl compounds of the sulphocyanio acids, and in 
the light of this work he explained the constitution 
of the mustard oils. 

Pyridine and quinoline, which were both known 
as early as the beginning of the last century, were 
soon recognized as constituents of various impor- 
tant vegetable alkaloids, and on this account they 
formed the object of numerous researches. The 
view which regards them as benzene and naphthalene 
respectively, in which one CH group is replaced by 
nitrogen, was first expressed by Komer, and in the 
experimental treatment of this subject it showed 
itself to be particularly fruitful. 

The method of research due to Liebig and his 
contemporaries, which was experimental and yet 
also paid attention to theoretical considerations, 
undoubtedly has to record its greatest successes 
in the chemistry of the dyes. Here especially the 
success of an intimate combination of theory with 
practice has been shown. The dyeing industry, 
indeed, which at the middle of the last century 
did not exist, was by the year 1882 so highly de- 
veloped that the total value of the dyes prepared 
in that year amounted to more than four millions 
sterling, of which about two-thirds falls to the 
Grerman manufacturers, Germany being the country 

* Ann. der Chem., 65, 269. f ^^^ 1^* 1^4 ; 146, 107. 
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m which the method of Liebig's school was chiefly 
practised. The first requisite for this successful 
development of the dyeing industry was the close 
study of the coal-tar produced in the manufacture 
of coal-gas as a by-product which at first was thought 
to be valueless. In 1834 Bunge occupied himself 
with the examination of this substance, and later 
it was investigated in particular by A. W. Hofmann. 
Hofmann's researches on aniline in the years 1843 
to 1845 especially may b^ termed the forerunners 
of the syntheses of the artificial dyes. The first 
chemical compound prepared in the laboratory 
which found employment as a dye was mauvein, 
obtained by Perkin in 1856. This was followed in 
1858 by the synthesis of another, prepared by A. W. 
Hofmann by acting with tetrachloromethane on 
aniline, and in 1859 fuchsin was discovered by the 
French chemist Verguin at Lyons. Encouraged by 
these successes, chemists began to display feverish 
activity in the preparation of the most various dyes, 
and strove at the same time to exploit technically 
the new acquisitions to the fullest possible extent. 
In this way arose a great number of dye manufac- 
tories, of which there may be mentioned as the 
most important that at Hochst, that at Elberfeld, 
and the Badische Anilin- und Sodaf abrik at Ludwigs- 
hafen. 

The diazo-reaction of .Griess rendered accessible 
the great class of the azo-dyes, the first representa- 
tive being aniline yellow, discovered in 1863 ; and 
this was followed by Bismarck brown, discovered 
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in 1866 by Caro and Griess. Dimethyl aniline, first 
obtained by A. W. Hofmann, formed the starting- 
point for a series of dyes of the triphenylmethane 
group, such as malachite green, brilliant green, and 
others. The researches of Coupler and Rosenstiehl 
on the toluidines were quite indispensable for the pre- 
paration of dyes of the rosaniline group, and Baeyer's 
researches on benzene and the phthalic acids, which 
have already frequently been mentioned, led to 
fluorescein, eosin, phenolphthalein, etc. 

In this way by degrees a great number of new 
dyestufEs were introduced into dyeing. On the 
other hand, chemists also strove to investigate the 
constitution of dyes already known, and for the 
most part of natural occurrence, in order to be able, 
by means of the knowledge so obtained, to synthe- 
size them artificially from easily accessible com- 
pounds, and where possible to give such syntheses 
so cheap a form by the use of waste products from 
other branches of industry that the artificial dye 
might enter into successful competition with the 
natural product. We have a particularly prominent 
instance of this in the synthesis of indigo, known 
and prized as a dye even in antiquity. It may, 
therefore, be permissible to describe the growth of 
the indigo synthesis as an example, although a great 
deal of the work falls in point of time in the next 
chapter. 

The investigation of the constitution of indigo is 
due to Baeyer, and the first synthesis of the dye 
was the result of his work. This was, however, no 



198 HISTORY OP CHEMISTRY [pabth. 

immediate gain to its technical application, for 
anthranilic acid or o-nitrocinnamic acid, which were 
the starting-points in Baeyer's syntheses, and in 
the methods based on them which were worked out 
by Heumann and others, were so expensive that 
successful competition with the natural indigo was 
out of the question. It required an interval of 
nearly twenty years before the Badische Anilin- und 
Sodafabrik at Ludwigshafen succeeded in working 
out a promising method for the manufacture of 
anthranilic acid by the use of naphthalene, which 
was almost a waste product. This sealed the fate 
of natural indigo. In 1897 the production of 
artificial indigo was begun in Germany.* 

The case has been similar with alizarin, the dye 
of madder, except that the working out of technically 
useful methods was accomplished much more easily 
than in the case of indigo. The first synthesis of 
alizarin is due to Graebe and Liebermann, and 
occurred in the year 1869. 

Besides these researches, which have been of 
such great importance to technical chemistry, the 
chemistry of the dyes has also given occasion for 
a number of investigations, which at first possessed 
chiefly a theoretical interest, but by generalization 
soon became fundamental for all work in this 
subject. In the seventies E. Fischer began to 
occupy himself with the study of the relations of 
the rosaniline dyes, at that time still quite obscure, 

* Recently other manufactories — e.g., that of Hochst — have 
oommenced the manufacture of indigo by their own processes. 
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and from his researches he was able to make clear, 
not only the progress of the reaction leading to the 
formation of these dyes, but also to explain satis- 
factorily their constitution. The determination with 
certainty of the constitution of different classes of 
dyes soon showed that an intimate relation must 
subsist between the chemical constitution of a com- 
pound and the nature of a dye. This raised the 
question as to what conditions the occurrence of 
colour in a chemical compound, and upon what 
rests its applicability as a dye. The study of the 
dyes from this point of view led to the estabUsh- 
ment of a theory of dyes by O. N. Witt. This 
chemist supposed that the presence of certain 
atomic groups is the condition for the formation 
of a coloured compound, as well as for the power 
of such a substance to act as a dye.* 

Chemical Maztofaotueb. 

From the description of the historical develop- 
ment of organic chemistry in general we have thus 
arrived at the description of the application of 
chemical reactions to chemical manufacture. It 
will be generally apparent that the rapid develop- 
ment of the dyestuff industry could not be without 
influence on the other branches of chemical manu- 
facture. The enormous quantities of benzene, 
toluene, aniline, naphthalene, etc., which were 
needed for the preparation of the various dyes, 

* O. N. Witt, Ber. der Deviachen Chem. Oea., 9, 622 (1876). 
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required the most careful working out of well- 
arranged apparatus for the distillation of coal-tar. 
Apart from the increased demand for hydrochloric 
acid, for nitric acid for nitrating, and for sulphuric 
acid for sulphonating, various other substances 
came from this cause for the first time into the list 
of products of chemical manufactories. To these 
belong especially sodium nitrite, which was required 
in large quantities for diazotizing the aromatic 
amines for the azo-dyes, and a great number of 
other substances, such as chromic acid or chromates, 
zinc chloride, sodium acetate, and many others. 
In the manufacture of coal-gas, the development of 
which was in general pretty well empirical — ^the 
first English works were erected in 1810 — ^there is 
formed besides coal-tar another valuable waste 
product, the so-called 'gas liquor,' in which, as a 
result of the washing of the gas, the ammonia con- 
tained in it collects, and this liquid is worked up 
technically for ammonia and cyanogen compounds. 
In the fermentation industry, the manufacture of 
spirit experienced great advances from the improve- 
ment of the apparatus for distillation. In the 
manufacture of vinegar the so-called ' quick vinegar 
process ' rendered possible a rational mode of work- 
ing. The process was first carried out by Schiitzen- 
bach at Freiburg in 1823, and by Wagemann at 
Berlin in 1824. The manufacture of explosives, 
hitherto confined to the preparation of black gun- 
powder, was led into new paths by the discovery 
of gun-cotton in 1846 by Schonbein and Bottger. 
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The chemical nature and the extraordinary power 
of this explosive gave occasion for numerous investi- 
gations, in which Abel took the chief share. The 
process for utilizing nitroglycerine (which had long 
been known) in the form of dynamite was discovered 
by Nobel in 1862, and is of great importance. 
Matches tipped with a mixture of potassium chlorate 
and sulphur, and inflamed by being dipped into 
sulphuric acid, were introduced in 1807. They were 
replaced about the year 1833 by phosphorus matches 
inflamed by friction, and in 1848 a further improve- 
ment was effected by the use of non-poisonous 
red phosphorus instead of the poisonous yellow 
variety. 

In the silicate industry the preparation of hydraulic 
mortar or cement may be specially mentioned. It 
received thorough investigation in respect of the 
hardening process at the hands of Winkler, Knapp, 
and others. 

In the manufacture of paper the method for 
making paper from raw material of vegetable origin, 
such as wood and straw, was introduced success- 
fully in 1846. 

The researches of Liebig on the phosphates not 
only paved the way for the development of agricul- 
tural chemistry, but also founded the manufacture 
of artificial manures, and were at the same time not 
without influence on the beet-sugar industry. 

The improvements in analytical methods rendered 
it possible to subject the impurities in iron to close 
examination, and this led to the working out of 
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practical methods for the production of the purest 
possible iron. The close investigation of the blast- 
furnace process by Rinmann and others, in con- 
junction with Bunsen's researches on the waste 
gases, rendered possible a clear perception of the 
relations between steel and iron. The introduction 
of the Bessemer process in 1856 was the first result 
of this work, and it was followed in 1879 by the 
Gilchrist and Thomas process for the removal of 
phosphorus. This process yielded also a waste 
product, the Thomas slag, which became, through 
the work of Wagner and others, a valuable manure 
in husbandry. 

In the extraction of the other metals also various 
advances are to be recorded, especially in the case 
of nickel, when that metal came more and more 
into use as material for the manufacture of coins 
and utensils. 



Chemical Instbuotion and LiTBRATirBB. 

We have often had occasion in the course of this 
chapter to admire the success which followed the 
intimate co-operation of theory and practice. This 
success is not, perhaps, least to be ascribed to the 
care which during this period was devoted to the 
training of chemical students. At the beginning of 
the nineteenth century practically no laboratories 
for purposes of instruction were in existence, and 
the Chairs of Chemistry at the Universities were not 
independent, but were usually provided for as sub- 
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sidiary offices. Experimental lectures on chemistry 
were first delivered in France by Rouelle about the 
middle of the eighteenth century, and later they 
were introduced into England through the exertions 
of Davy. It was in England that Berzelius first 
heard them, and he was so convinced of their 
advantages that he himself employed thom from 
the year 1812. In Germany their introduction did 
not take place so rapidly, on account of the dominat- 
ing influence of natural philosophy at the time. 
They only became general towards the middle of 
the nineteenth century, thanks to the efforts of 
Liebig, Wohler, Kolbe, Bunsen, and A. W. Hof- 
mann. 

To Liebig is undoubtedly due the credit of the 
development of practical instruction to the extent 
to which it is now carried out in all the places of 
higher education in Germany. It was he who 
emphasized the view that the centre of gravity of 
chemical study lies not in lectures, but in practical 
work. To him is due the systematic division of 
teaching into qualitative and quantitative analysis, 
the making of preparations, and the carrying out 
of independent investigations. Liebig's efforts in 
his teaching were chiefly directed to educating his 
pupils to make them capable of iAdependent chemical 
thought. As time went on, all the places of higher 
education in Germany established laboratories in 
which the teaching of chemical students was ar- 
ranged in this way, after the example of Giessen. 
This was accomplished at Gottingen by Wohler in 
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the thirties, at Marburg by Bunsen in 1840, and at 
Leipzig by Erdmann in 1843.* 

In other countries also we find similar institu- 
tions, though not at first to the same degree as in 
Germany, and this may furnish the reason why, as 
time went on, Germany took the first place in the 
treatment of chemical questions and in its influence 
on chemical manufacture. 

Hand in hand with the development of practical 
instruction went also that of chemical literature. 
Large dictionaries, like those of Gmelin, Dammer, 
and Beilstein, appeared, in addition to text-books, 
such as those of Lavoisier, Th^nard, Mitscherlich, 
Liebig, Wohler, Regnault, Graham, and others. 
To supplement these there have arisen also dic- 
tionaries, such as those of Fehling or Ladenburg, or 
the Dictionnaire de Chimie Pure et Applique of 
Wurtz. 

The continually increasing number of periodicals 
served to distribute as rapidly as possible the know- 
ledge of new advances in chemical science. In 
France in 1878 the Annates de Chimie was founded 
by BerthoUet, Lavoisier, and Fourcroy. From 1896 
it has appeared imder the name AnnaUa de Chimie 

* Although, as has been mentioned, the experimental lecture 
found a home in England before its introduction into Germany, 
yet rational chemical teaching was first properly provided in 
this counlary by the College of Chemislary, established in London 
in 1845. The German chemist A. W. Hofmann became its first 
professor (c/. p. 145), and the inspiration of his teaching there 
did much for chemical education in l^is country. The example 
set in this way has since been followed with more or less thorough- 
ness by our other teaching institutions. — ^Translator's Note. 
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et de Physique, Since 1835 the Gomptes Rendns de 
VAcademie des Sciences has been published in weekly 
parts by the French Academie des Sciences. 

In England there existed at first the journals of 
the various learned societies, such as the Philo- 
sophical Transactions of the Royal Society. The 
chief organ at the present time is the Journal of 
the Chemical Society, which has appeared since 1848. 

In Germany the first journal of this kind was the 
Annalen der Physik und Ghemie, founded by Poggen- 
dorff in 1824 ; and this was followed by the Annalen 
der Ghemie und Pharmacie of Idebig (1832), which 
since 1835 has borne the title of Annalen der Ghemie, 
In 1828 the Journal fur Technische und Okonomische 
Ghemie was founded by 0. L. Erdmann, and this in 
1834 appeared under the name Journal fur Prak- 
tische Ghemie. In 1868 the Berichte der Deutscken 
Ghemischen OeseUschaft came into existence as the 
organ of the German Chemical Society. A Zeii- 
schrift filr Ghemie, under the direction of Kekul6, 
Erlenmeyer, and Fittig, enjoyed a brief existence 
from 1857 to 1871. There were, besides, other 
journals more concerned with the publication of 
abstracts, such as the Jahresberichle uber die Fort- 
schritte der Ghemie, the Ghemisches ZentralhlaU, and 
others. 

Other countries also were not behindhand with 
publications of this kind. In most instances they 
are in connexion with academies or chemical 
societies — as, for instance, in Holland, Italy, Austria, 
Belgium, Russia, etc. 



CHAPTER III 

THE CHEMISTRY OF THE PRESENT DAY 

In the preceding chapter we have been chiefly con- 
cerned with the historical development of organic 
chemistry, for during the period from 1830 to about 
the year 1885 that was the branch of chemical 
science which interested by far the greater number 
of chemists. The leading motive of their work was 
the endeavour to elucidate the constitution of 
organic compounds, and to obtain by systematic 
investigation a classification of them which should 
make it possible to comprehend the whole of this 
great, and at first sight difficult, subject. 

The continually increasing number of cases of 
isomerism led to the development of structural 
chemistry, the most far-reaching conclusions of 
which are represented by the geometrical isomerism 
of J. Wislicenus and the optical isomerism of Le Bel 
and van't Hoff. The great stimulus which struc- 
tural chemistry gave to chemical research is shown 
by the numerous successful syntheses of substances, 
the existence of which was to be predicted on struc- 
tural chemical grounds. In the course of the last 

206 
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fifty years the {ruitfulnesa of synthetical chemistry 
on the basis of these ideas of structure has been 
shown in a very striking way. The syntheses of 
natural occurring products, which we have met with 
in the last chapter, continued to increase in number. 
Only a small part of them can be mentioned here — 
such as, for instance, the synthesis of alkaloids like 
coniine by Ladenburg in 1888, and the work on the 
alkaloids of opium carried out particularly in recent 
years by Freund, Pschorr, and Ejiorr. There may 
be mentioned further the researches of Emil Fischer 
on the sugars in the eighties and nineties, on uric 
acid in the nineties, and on the proteids at the 
present time. The successful treatment of the 
terpenes by Wallach and Baeyer may also be 
recalled, as well as the synthesis of various per- 
fumes, such as vanillin, musk, and ionone. Various 
compounds have also been prepared which, by 
reason of their physiological effects, have entered 
into successful competition with drugs of natural 
' occurrence. Instances are antipyrine (Knorr), phen- 
acetin, pyramidon. The continually increasing 
number of artificial dyes, also, must not be for- 
gotten. We have already in the preceding chapter 
become acquainted with indigo, the most important 
representative of this class. 

The geometrical isomerism of J. WisUcenus, which 
has been mentioned above, sought to explain the 
different behaviour of substances like maleic and 
fumaric acids, or the two chlorpropylenes, as due 
to a different spacial arrangement of the atoms. 
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This assumption, first made only for carbon com- 
pomids, was applied by Hantzsch and Werner to 
nitrogen compounds in order to explain the occur- 
rence of the phenomena of isomerism among the 
oximes and diazo-compounds. 

The conception of optical isomerism became ex- 
tended when not only optically active carbon com- 
pounds, but after the work of Le Bel (1889), Laden- 
burg (1892), and recently of Wedekind, optically 
active nitrogen compounds also became known. 
In 1900 the researches of Pope added to these 
optically active compounds of sulphur and of tin. 

Especially important for the question of the con- 
stitution of organic compounds was the striking 
behaviour of some substances, which react in such 
a way that two different formulae are required to 
explain fully their chemical properties, since they 
can react according to either of the two formulae, 
although they actually exist only in one form. As a 
rule, these are compounds in which the atomic groups 
-C(OH) : C- or -CG.CHg- occur. Examples 
of this kind are the aceto-acetic esters, discovered 
by Geuther in 1863. Their reactions may be 
expressed by the two formulae 

Caa3.CO.CH2.COOC2H5 and CHg.C(OH) : CROOOCgHg. 

Other instances are isatin, carbostyril, cyanamide, 
etc. In the case of isatin, Baeyer terms the hydroxyl 
formula that of the stable modification, the keto- 
formula that of the labile form, which is not known 
in the free state, and only exists in the form of 
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deriYatives. This is, aooording to him, the pseudo- 
form. C. Laar proposed for this phenomenon the 
term ' tautomerism,' and Victor Meyer the name 
' desmotropy.' In time, however, the two tauto- 
meric forms were actually isolated in several cases, 
and Dimroth has recently been able to prove con- 
clusively that when tautomeric compounds are in 
the liquid condition or in solution both forms are 
present in equilibrium. The view expressed by 
W. Wislicenus that the phenomena of tautomerism 
are due to intramolecular reversible transformations 
has, therefore, proved to be correct, as also has the 
statement of J. Traube that tautomerism is a special 
kind of isomerism, in which we are dealing with 
two isomers which are easily transformed one into 
the other, and are in a state of equiUbrium greatly 
influenced by external conditions. Elaborate in- 
vestigations on tautomerism have been carried out 
in addition to the above-named chemists by Claisen, 
Hantzsch, Ejiorr, and Rabe. Of especial interest 
are the researches of Hantzsch on pseudo-acids and 
pseudo-bases, in which it has been shown that the 
salts have one and the free bases or acids the other 
of the two possible tautomeric forms (ionization- 
isomerism). 

Oboanio Syntheses. 

For the successful execution of all these important 
theoretical investigations the number of synthetical 
methods had necessarily to be increased. In this 
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connexion mention most first be made of a series 
of so-called condensations, which are carried out 
between aldehydes or ketones and certain reactive 
CHj— or CHj groups under the influence of bases 
like caustic soda, sodium alooholate, ammonia, pi- 
peridine, etc., or of acids such as hydrochloric acid 
or acetic acid. This work is due to Claisen, Knoe- 
ven^el, and others, with malonio ester and aceto- 
acetio ester ; to Victor Meyer with benzyl cyanide ; 
and to variouB other chemists in the case of acetone, 
acetophenone, malonic nitrile, eto. The formation 
of hydrazones by the action of phenylhydrazine on 
aldehydes and ketones is also of importance. In 
the case of the oxyaldehydes and oxyketones this 
reaction leads to the production of osazones, as was 
discovered by Emil Fischer in 1884. The hydra- 
zones, and especially their ortho-substitution pro- 
ducts, were found to be distinguished by great re- 
activity, chiefly with formation of heterocyclic oom- 
pounds, such ob oarbazol or triazin. The free hydra- 
zine forms with acids hydrazides, from which Curtins 
in 1896 succeeded in preparing hydrazoic acid. 

A similar reaction, generally characteristic of the 
aldehydes and ketones, is the action of hydroxyl- 
amine upon them, which was discovered by Victor 
Meyer in 1882 to 1883, and leads to the formation 
of oximes. These reactions also caused efforts to 
be made to render the aldehydes and ketones easily 
accessible by means of simple reactions. Although 
for the former, in spite of the aldehyde syntheses (A 
Tiemann and Beimer, and in particular of Gatter- 
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mann, this problem has not yet been solved in a 
completely satisfactory manner, yet the aromatic 
ketones can be obtained comparatively easily in 
most cases, by Gattermann's method, from acid 
chlorides and benzene or its substitution products 
in the presence of aluminium chloride. The re- 
activity of aldehydes, ketones, and various deriva- 
tives of the acids, such as esters, chlorides, etc., with 
the organo-magnesium compounds has proved espe- 
cially fruitful. The organo-magnesium compounds 
are easily prepared by the method discovered by 
Grignard in 1900. By this means it has been pos- 
sible to obtain by a simple reaction secondary as 
well as tertiary alcohols, and from them ethene 
compounds by removal of water. 

For the preparation of amino-acids the method 
of Gabriel has proved especially useful. It depends 
on the hydrolysis of the products arising from 
potassium phthalimide and the halogen fatty acids. 
The electrolytic reduction of aromatic nitro-com- 
pounds has been studied by various chemists — e.gr., 
Gattermann, Haussermann, Elbs, Tafel, etc. There 
may be obtained in this case, according to the 
experimental conditions, either azo-, azoxy-, and 
hydrazo-substances or amines and aminophenols. 
Other electrolytic work of a sjmthetic character, 
such as the sjmthesis of the higher dibasic acids, 
has been carried out by Miller, Brown, and Walker, 
and others. The general importance of the diazo- 
compounds discovered by Peter Griess in 1860 has 
been already mentioned in the preceding chapter. 

14—2 
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Investigations of their constitution have been exe- 
cuted by Hantzsch and Bamberger in recent years. 
From the diazo - compounds phenyl haloids and 
phenyl nitriles can be easily obtained by the Sand~ 
meyer reaction (1884 and following years), while by 
boiling with water phenols, or with alcohol hydro- 
carbons, can be prepared. Their reaction with 
primary or secondary amines leads to the forma- 
tion of diazo-amino compounds and azo-dyes. The 
latter have already been mentioned on p. 196. 

Physical Chemistbt. 

Taking into account isolated experiments of 
earlier date, the effort has made itself more and 
more felt during the last twenty-five years to study 
fully and accurately, in addition to synthetical 
organic problems, the reactions themselves in their 
individual stages — ^that is to say, to follow reactions 
as far as possible through their whole course. In 
many cases chemical operations no longer sufficed 
for this purpose, and it became necessary to seek 
more refined methods and more accurate apparatus, 
with the help of which to be in a position to follow 
the complete progress of a reaction. Assistance of 
this kind has been obtained from physics and 
physical measurements. At the same time, a 
general application of physical ideas to chemistry 
took place, and there followed accordingly a mutual 
fraternization, with the help of which many success- 
ful results were obtained. Mention need only be 



cHAP.m.] CHEMISTRY OF PRESENT DAY 213 

made of thermo-dynamics and electro-chemistry. 
Owing to the good relations with physics, chemistry 
obtained in mathematics another associate. Efforts 
were made with the help of higher mathematics to 
express in formulsa the reaction itself, when its 
course has been elucidated, and in this way it was 
defined m the most precise manner possible. With 
such endeavours that branch of chemical science is 
occupied which we now term ' physical ' or * general 
chemistry.' Through the efforts of men like Gibbs, 
van der Waals, van't Hoff, Ostwald, and others, it 
has worked its way from small beginnings to a 
science of the first importance. 

The beginning of the chemistry of the present day 
is placed in the year 1886, and so in that year in 
which Svante Arrhenius published his theory of 
electrolytic dissociation. For the purpose of de- 
scribing this very fruitful theory we must go back 
a Uttle in point of time. In the year 1877 the 
botanist Pfeffer carried out a series of investigations 
on the osmotic pressure of sugar solutions with the 
aid of the semipermeable membranes discovered in 
1867 by Traube. "Reasoning from this work, van't 
Hoff developed the idea that the osmotic pressure 
is generated by the impact of the dissolved mole- 
cules on the walls, and so came to the conclusion 
that the state of a dissolved substance bears a great 
similarity to that of a gas, and that consequently 
the gas laws, including Boyle's law, Gay-Lussac's 
law, and Avogadro's hypothesis, could be applied 
directly to solutions. The extension of these 




214 HISTORY OP CHEMISTRY [pabth. 

researches of van't Hofi yielded tis the methods for 
determining molecular weights with the aid of the 
lowering of vapour pressure, depression of freezing- 
point, and elevation of boiling-point, which are 
rendered practicable in the forms worked out by 
Baoult and Beckmann. In employing these methods, 
Baoult, and after him several other chemists, found 
that solutions of salts, acids, and bases do not obey 
this law of van't Hoflf, but that, on the contrary, 
their molecular weights are always found too small 
— generally only a half or a third of the expected 
value. As a result of this, the vaUdity of van't HoflE's 
theory was naturally placed very much in question, 
and he was compelled to support it by additional 
hypotheses. Then Arrhenius showed that only 
those solutions which are electrolytes fail to agree 
with van't HoiS's theory. These are the solutions 
which conduct the electric current, and are, accord- 
ing to Faraday, split up by it into their ions. This 
fact led Arrhenius to the supposition that this 
separation into ions is not first produced by the 
electric current, but that, on the contrary, the ions 
are already present in the aqueous solution. The 
spUtting of electrolytes into their ions under the 
influence of water as a solvent was termed ' dissocia- 
tion.' The extent of the dissociation varies, and 
depends essentially upon the degree of dilution. 
For its determination a simple means was oiSered 
by the measurement of the electrical conductivity, 
which is relatively easily carried out. The example 
in this direction was set by Arrhenius himself, and 
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then received considerable improvements at the 
hands of Planck, Ostwald, Kohbrausch, and others. 

A whole series of phenomena which had previ- 
ously been obscure found a simple explanation on 
this theory — ^as, for instance, the identity of the 
heat of neutralization of one and the same acid 
with different bases, and vice versUy and consequently 
many new and fruitful ideas developed out of it. 
Electro-chemistry itself experienced as a result of 
this many changes and extensions. W. Nernst, for 
instance, succeeded by means of it, in conjunction 
with van't Hoff's theory of solution and his own 
theory of diffusion, in giving a Batirfactory theory 
of the voltaic cell, and so solving a problem a 
hundred years old. The researches on concentra- 
tion cells, oxidation and reduction cells, the deter- 
mination of the electro-motive behaviour in general 
of the most various substances, the determination 
of the conductivity of a great number of acids and 
bases, and the so-called affinity constants derived 
from this — ^all these stand on the basis of the theory 
of ions in aqueous solution. Electro-chemistry, 
which had been hitherto a more or less unknown 
subject, obtained pith and value in this way, and 
its practical development also was greatly assisted. 
Electro-chemical reactions were brought into use in 
analytical chemical practice, both for qualitative 
and for quantitative analysis. In this connexion 
may be mentioned the names of Classen, Miller, and 
EalJani. In chemical manufacture electricity is now 
applied in chemical reactions in numerous instances. 
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The electrolysis of the alkaline chlorides, which leads 
to the preparation of the caustic alkalis and to the 
isolation of chlorine ; the electrolytic preparation of 
hypochlorites ; the electro-chemical processes of ex- 
traction for the metals — e.g., copper, zinc, mag- 
nesium, aluminium, etc. — ^and the extensive electro- 
syntheses of organic compounds, particularly the 
reduction of the nitro-compounds, etc., are eloquent 
examples of the extensive use of electrical energy 
in chemical manufacturing. Finally, various ex- 
periments have been carried out by Moissan at very 
high temperatures (2,000° to 3,000°), the tempera- 
tures being conveniently attained by the use of the 
electric furnace. The results of this work have been 
the preparation of artificial diamonds, the isolation 
of fluorine, and especially the practically valuable 
formation of calcium carbide, the starting-point for 
the preparation of acetylene. 

Inoboanio Chbmistby. 

If we now leave electro-chemistry and turn again 
to purely chemical questions which have been dealt 
with in recent years, there may be mentioned in 
connexion with Moissan's thermo-electric reseaxches 
the Goldschmidt process for the production of high 
temperatures by means of aluminium powder. By 
this means it is possible to obtain metals like iron, 
chromium, manganese, etc., free from carbon. In 
contrast with this work may be mentioned the 
method discovered by Linde in 1895 for the pro- 
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duction of low temperatures, esi)ecially for the 
liquefaction of atmospheric air. In this way tem- 
peratures in the neighbourhood of —190^ can be 
easily obtained. Besides Linde, the compression of 
gases has engaged the attention especially of Pictet, 
Cailletet, Wroblesky, and Dewar. 

The number of known elements was increased in 
1894 and the following years by the inert gases 
argon, helium, xenon, krypton, and neon, discovered 
by W. Ramsay and Lord Rayleigh. The discovery 
of argon was due to the different specific gravity of 
the nitrogen obtained from air and that prepared 
by oxidation from ammonia. Helium was discovered 
by Ramsay as a gas evolved when the mineral 
cleveite is treated with sulphuric acid. 

In 1869 Hittorf made the discovery that peculiar 
rays proceed from the cathode of a highly evacu- 
ated discharge tube, and he termed them ^ cathode 
rays.' These rays aroused general attention when 
their remarkable effects became known through the 
work of Rontgen in 1895. The further investiga- 
tions of numerous physicists led to the rays being 
ascribed to the movement of negatively charged 
material particles, the electrons. This is only men- 
tioned here because recently the conception of 
electrons has also found entry into chemistry, so 
that it is attempted to regard the ions as com- 
pounds of the atoms or atomic complexes concerned 
with the electron. In 1896 Becquerel observed that 
the power of the cathode rays of causing barium 
platinocyanide to fluoresce, or of making air con- 
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duct, was also possessed by certain minerals, in 
particular by natural pitchblende. M. and Mme. 
Curie succeeded with great labour in isolating from 
this pitchblende the bromide of a new element, which 
they termed * radium.' Various other elements 
were found besides radium which were carriers of 
this particular radiant energy — e.gr., radio- tellurium, 
radio-lead, and radio-bismuth. It is especially inter- 
esting that in the case of these substances, owing to 
the emission of the so-called emanation, a continual 
loss of energy occurs, and, most remarkable of all, 
Ramsay has observed that the emanation becomes 
transformed into helium. 

Among the other elements and their compounds 
extensive improvements in modes of preparation are 
to be noted. The contact process for the prepara- 
tion of sulphuric acid, discovered by Peragrine 
Phillips in 1 83 1, was introduced into manufacture 
by Winkler in 1875, and was developed by Knietsch 
to such an extent that it is possible to prepare it 
directly from the gases from the roasting kilns. As 
calculation shows that the saltpetre deposits in Chile 
will be exhausted at a time now within sight, atten- 
tion has recently been paid to the old idea of pre- 
paring nitric acid from the nitrogen of the air. 
There is every appearance that a successful form 
of this process is about to be perfected. There are, 
at any rate, now two factories in Norway, where 
the preparation of nitric acid from the air with the 
help of the electric current is being carried on. 
The lighting industry has experienced considerable 
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development through the discovery of Auer von 
WeJbbach of the usq of the oxides of thorium and 
cerium for the purpose of making luminous the non- 
luminous flame of the Bunsen burner. If^^this way 
a light has been obtained which, on account of its 
intensity and cheapness, successfully competes with 
the electric Ught. 

The manifold applications of electrical energy to 
chemical operations have ahready been mentioned. 
It has proved especially valuable for the purpose of 
covering certain base metals, or plaster casts, with 
a thin and regular layer of a noble metal, such as 
gold or silver, or of any other metal — e.g., nickel, 
copper, etc. This kind of gilding or silvering is 
termed ' galvano-plastic' 



Valency. 

In the last chapter we have seen that chemists 
were not able to agree upon the question of the 
constant or changing valency of the elements. The 
supporters of the former view, in logically carrying 
out their theory, had to take refuge in a doubling 
of certain formulae. Thus, they wrote ferrous 
chloride FeaCl4, cuprous chloride CugCla, and mer- 
curous chloride HgaClg. By means of Victor Meyer's 
method of vapour density determination (c/. p. 184) 
it was proved, however, that these compounds do 
exist (although only in the form of vapour) as FeClj 
and HgCl, so that a change of valency must be 
unconditionally admitted. Another fact also speaks 
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in favour of this view — ^namely, that oxygen, which 
is otherwise always divalent, can, under some cir- 
cumstances, be tetravalent. This follows from the 
observations of Baeyer on the addition of acids to 
certain compounds containing oxygen, such as 
pyrone, xanthone, etc. On the ground of extensive 
researches on the so-called carbon double linkage, 
with special reference to benzene derivatives, J. 
Thiele maintains the divisibility of valency, assum- 
ing the possibility of so-called partial valencies.* 
In the closing years of the past century A. Werner, 
as a result of researches on the cobaltiac compounds, 
extended the conception of valency by assuming a 
limiting number (obtained by introduction of the 
so-called co-ordination number) which expresses the 
number of atoms that can be in direct union with a 
given other elementary atom independently of the 
valency number. The work of Abegg and Bod- 
landerf may also be mentioned. On the ground of 
the supposition referred to on p. 217, that the ions 
are saturated compounds of the elementary atoms 
with the electron, they sought to apply the so-called 
electric afi&nity of the individual elements to the 
conception of valency.f Here also we are at present 
faced with a field of work which cannot in any way 
be regarded as even approximately worked out. 

* Anm der Chem,, 306 et seq. 

t Zeiischrift fur Anorg. Chem,, 20, 463, 

X Abegg, %bid.f 86, 330 a seq. 
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CShBMIOAL iNSTBUCnON AND LlTEBATUBB. 

The method of chemical instruction which proved 
so successful in the middle of the nineteenth century 
brought with it a steady increase in the chemical 
laboratories at the Universities and other places of 
higher education. There may here find mention in 
this connexion the chemical department of the 
University of Berlin, opened in 1898, and the depart- 
ment for physical chemistry of the University of 
Leipzig, opened in 1896. 

The enormous growth of every individual part 
of chemical science was naturally accompanied by 
an ever greater specialization. This may, perhaps, 
be most plainly seen in the literature. Apart from 
the great number of text-books and handbooks on 
the different branches of chemistry, a very great 
increase is also found in the periodicals devoted to 
special subjects. So arose the Zeitachrift fur Anor- 
ganische Chemie (1892) ; the Zeitachrift fur Phyai- 
kaliache Chemie, edited by van't Hoff and Ostwald 
(1887) ; the Zeitachrift fur Phyaiologiache Chemie, 
edited by Hoppe-Seyler (1877) ; the Zeitachrift fur 
Arudytiache Chemie, founded by B. Fresenius (1862) ; 
the Zeitachrift fur Angetoandte Chemie, pubUshed by 
the Vereir^ Deutacher Chemiker ; and the Zeitachrift 
fiir Electrochemie, the organ of the Deutache Bunaeiv- 
geadUchaft fur Angetoandte Phyaikaliache Chemie. 
The possibility of extensive exchange of opinions on 
scientific questions is provided for by the establish- 
ment of a number of congresses. Recently the 
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effort has also made itself felt to give life to the 
study of the history of chemistry by the publica- 
tion of collections of important original researches 
or of the correspondence of the earlier chemists. 
In this connexion the chief credit is due to W. Ost- 
wald and J. Kahlbaum. In the same way these 
pages, which can only present a short and incom- 
plete course through the history of chemistry, may 
furnish an incitement to young chemists and students 
of chemistry to penetrate further into^the origins 
and growth of chemical science. 
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Ethers, 162 
Ethylamylether, 164 
Ethylene, 174, 181 
Ethylmethylether, 163 
Ethylsulphuric acid, 163 
Experimental method, 6, 21 

Fats, 93 

Fermentation, 35 
Fermentation industry, 200 

* Fire-air,' 72 
*Fixed-air,'71, 72 
'Fixed alkali,' 88 
Fluorescein, 197 
Fluorine, 123 
Formaldehyde, 193 
Formic ester, 173 
Fuchsin, 196 
Fulminating gold, 51 
Fulminic acid, 148 
Furane, 183 
Furnace, electric, 216 

Galizenstein, 43 
Gallium, 189 
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Gases. 4, 2^. 46, 7^ 
CkupinguiSf 47 . 
Ow ptUigifummit 47 
OcLS siccv/m, 47*^ ^ 
OiUf gilvestre, 47 
Glass, 15, 34, 54 
Glauber's salt, 57 
Glazes, 34 
Glycerine. 93. 173 
Glycol. 174 
Glycollic acid, 176 
Gold, 10. 29, 51 
Gtold compounds, 51 
'Golden drops,' 94 
Gk)ulard's water, 94 
Gun-cotton, 200 

Halogens, 122, 190 
Helium. 217 
Hell-stone, 58 
' Hepatic air,' 81 
Heterologous series, 166 
Hexachlorethane, 156 
HoSmann's drops, 56, 94 
Homologous senes, 166 
Hydrazine, 210 
Hydrazobenzene. 194 
Hydrazoic acid, 210 
Hydrazones. 210 
Hydrocarbons, 138, 192 
Hydrochloric acid, 30, 122 
Hydrocyanic acid. 93, 122 
Hydromioric acid, 190 
Hydrogen, 73 
Jlydrogine nU/urSy 81 
Hydrogen peroxide, 190 
Hydrogen persulphide, 81 
Hydrothiocyanic acid, 1 22 

latrochemistry, 37 et seqq. 
Inert gases, 217 
Indigo-blue, 34, 197 
Indium, 133, 189 
Industrial chemistry, 90, 134, 
Iodine. 122, 132, 193 
lonone, 207 
Ions, 214, 220 
Iron, 11, 49, 201 
Iron compounds, 49 



*Iron tree,* 60 

Isatin, 208 

Isobutyric add, 178 

Isologous, 166 

Isomerism, 137, 148, 178, 206, 

207 
Isomorphism, 125 
Isonitrues. 194 

Kermes minerdU, 57 
Ketones, 193, 210 
Krypton, 217 

"Laboratories, 90, 94. 202, 221 
Lactic acid, 93, 176 
Lapi$ infernaZiSy 5^ 
Lead, 12 

Lead compounds. 12, 33, 49 
Lectures, 203 
Life, 39 
Lime, 87 

Liquefaction of gases, 217 
Liquid air, 217 
Lithium, 133 
Liver of sulphur, 81 

' Magisterium, the great,* 19 
Magnesia, 87, 94 
Afagnesia albttf 86, 94 
Malachite green, 197 
Malic acid, 55, 93 
Manures, 201 
Marine acid, 78 
"Mass action, law of, 130 
^Matches, 201 
Mauvein. 196 

» Medicine of the Third Order.* 19 
Mercaptans, 152 
Mercury, 12, 26, 29, 50 
Mercury compounds, 26. 32, 36, 

60,57 
Metal^me, 154 
Metallurgy, 91 " 
216 Metals, 10, 26, 29, 48, 91 
Metamerism, 148 
' Middle salts,' 83. 88 
Mineral acids. 84 
Mineralogy, 9 
Minium, 12 
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Molecule, 168 

Molecular compounds, 180 

Molicules ilimentaires, 113 

MolkvZes integrantes^ 113 

Molybdenum, 133 

Mordants, 14, 16, 34. 54, 92 

Mosaic gold, 92 

Mucic acid, 93 

Multiple proportions, 107 

Musk. 207 

Mustard oils. 194 

Naphthalene, 183 

Neon, 217 

* Nerve tincture,' 94 

Nickel. 202 

Nitric acid, 30. 84, 91.218 

Nitrobenzene, 138. 161, 194 

Nitrogen, 76 

Nitrogen chloride, 101 

Nitroglycerine, 201 

Nitrous air, 76 

NitruTrif 14 

*Nitryl,'138 

Nomenclature, 97, 120 

Nuclei, theory of, 156 

Olevmi vUrioli dulce verumt 58 
Opium, 207 
Organic analysis, 135 
Organo-magnesium compounds, 

211 
Orseille, 34 
Osmium, 133 
Osmosis, 213 
Oxalic acid, 93 
Oxamide, 164 
Oximes, 210 
Oxyacids, 118, 193 
Oxygen, 71, 220 
Ozone, 190 

Palladium, 133 
Paper, 201 
Pentamethylene, 184 
Periodicals, 204, 221 
Periodic system, 186 
Pharmaceutical chemistry, 16, 35, 
41, 94, 207 



Pharmacopoeia, 36 
Phenacetin, 207 
Phenolphthalein, 197 
Philosopher's stone, 19 ei aeqq. 
Phlogisticated air, ^Q 
Phlogiston, 61 et seqq. 
Phosphates, 201, 202 
Phosphoric acid, 82 
Phosphorus, 82 
Photography, 134, 191 
Physical chemistry. 212 
Physical isomerism, 179 
Pi^ents, 16 
Platinum, 133 
Polymerism, 148 
Porcelain, see Pottery 
Potash, 13 
Potassium, 120. 133 
Potassium sulphide, 81 
Pottery, 15, 64, 92 
* Primitive acid,' 84 
Propyl alcohol. 177 
Prussian blue, 91 
Prussic acid, 93 
Pseudo-acids, 209 
Pseudo-salts, 209 
Pyramidon, 207 
Pyridine, 183, 195 
Pyrrole, 183 

Qualitative analysis, 33. 187 
Quantitative method. 86, 95 et 

seqq., 104, 187 
Quinoline, 183, 195 

Bacemic acid, 179 
Radicle theory, 150 
Radium, 218 
Renaissance^ 37 
Residues, theory of. 161 
Rhodium, 133 
Rosaniline dyes. 197, 199 
Rosemary, 35 
Rubidium, 189 

Sal alembroth, 51, 58 
Sal anglicum, 94 
Sal ammoniac, 31 
Sal armoniacum, 32 
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SaUcylio acid, 193 

S(d volychrestum, 94 
c a|j4- * 28 

Salts.' 14, 81. 44, 53, 88, 107. 117 

Scheele'fl green, 92 

Selenium, 182 

SUioon. 182 

SUvef. 11 

Silver oompoonds, 84, 58. 184, 191 

Smalt, 54 

Soap, Id 

Soda, 12 

Sodium, 120, 133 

Solubility, 88 

Solutions. 214 

Spectrum analysis, 185 

SpirUusfunvans Libcmi, 49 

Spiritus Mmdererif 57 

SpirUua nUra-aSru^, 105 

SpirUuB salis, 31 

SpirUus tartari, 55, 58 

SpirUus v/rvMB, 31 

' Stinking sulphur air,' 81 

Stoiohiometry, 114, 123 

Structural formulae, 174, 178 

Sublimate, corrosiye, 32 

Substitution, 154, 193 

Succinic acid, 55, 138 

Sugar, 17, 138 

Sugars, 207 

Sulphocamphorie acid, 158 

Sulphur, 18, 27, 30, 78 

Sulphuretted hydrogen, 80 

Sulphuric acid, 30, 78, 84. 91. 

134, 165, 218 
Sulphurous acid, 79 
Sulphuryl chloride, 165 
' Sweetening * of spirit, 35 
Symbols. 118 

Tables des rapports, 67 
Tannic acid, 56 
Tartar emetic, 55 
Tartaric acid, 55, 93 
Tartarus, 55 



Tautomerism. 208 

Technical chemistry v, ' Industrial 

chemistry ' 
Tellurium. 132 
Terpenes. 207 
Tetrachlorethylene, 170 
Tetramethylene, 184 
Tetravalent carbon, 174 
Text-books, 145, 147, ^04 
Therapeutics. 39 
Thiophene, 183 
Thyme, oil of. 35 
Tin. 12 

Tin compounds, 49 
' Tincture, the Red.* 19 
Titration, 100. 188 
Transmutation, 18 e^ seqq, 
Triazin, 210 
Trimethylene, 184 
Tungsten, 133 
Turpentine, 17 
Turpeth, 61, 58 
Types, theory of. 156 et ssqq. 

Ultramarine, 134 

Urea, synthesis of. 131. 140 

Uric acid. 98. 207 

Valency. 171, 180. 219 

Vanadium, 189 

Vanillin, 207 

Vapour densities. 126, 169, 184 

Vinegar. 13. 200 

Vis vitalis, 136 

Volumes, law of. Ill 

Water, 10. 47. 74. 116 
Weight in chemical reactions. 44. 
86, 96. et seqq. 

Xenon, 217 
X rays, 217 

Zinc, 12. 48 

Zinc compounds. 83. 48 
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ENGLISH. 
Epoehs of English Literature. 

By J. C. STOBABTlf . A., Ute AsaiBtant Maa- 
ter at Marehant Taylora' School. la xdna 
Wumaa. Frioa la. 6d. each. 

VoL I. Th» GlUMOU Bpooh. 

Vol. IL The Spomer Epoch. 

VoL III. The Shakospear* Epooh. 

Vol. IV. The MUtoii Epoch. 

VoL V. The Dryden Epoch. 

VoL VI. The Pope Epoch. 

VoL VII. The Johnson Epoch. 

VoL VIII. The Wordsworth Epoch. 

VoL IX. The Tennyion Epoch. 

Selected Essays from English 

Literature. Edited, with Introduction 
and Brief Notes, by Suzabkth Lkb. 2a. 

Arnold's School Shakespeare. 

Isaued under the Oeneral Bditonhip of 
tibe late rrofeeaor J. Ghuktoh Collins. 

Is. fld. eaoh. la. 3d. each. 

g^w g Laar. Macbeth. 

Richard IL Twelfth Night. 

Henry V. As Ton Like It. 

Richard IIL Jnllns Ceesar. 

King John. Midsummer Night's 
Oorlolanns. Dream. 

Hamlet. The Merchant of Venice. 

The Tempest. 

Arnold's British Classics for 

Schools. Issued under the General 
Editorship of the late Frofessur J. 
Churtoh Colliks. 

Paradise Lost. Books I. and II. is. 8d. 

Paradise Lost. Bks. IIL and IV. is. 8d. 

Marmlon. is. 6d. 

The Lay of the Last MlnstreL Is. 3d. 

The Lady of the Lake. la. 6d. 

Ohilde Harold. 2s. 

Macanlay's Lays of Ancient Rome. 

Is. dd. 

Arnold's Shakespeare Texts. 

Paper, 6d. each ; doth, 8d. eaoh. 
Macbeth. As Ton Like It. 

Henry V. Twelfth Night. 

The Tempesl Coriolanns. 



Arnold's English Texts. Edited 

by H. B. B&owNB, M.A. (Lond.), Head* 
maater of the Municipal Secondary 
School, Morley. Twelve Tolumea. Ump 
cloth, price 6a. each. 

The Song of Hiawatha. Long/kUcw. 

Marmlon. Scott. 

Idylls of the King. Term^aon. 

Hereward the Wake. KingOey. 

The Oldster h the Hearth. CkarUt Rtade. 

The Life of Nelson. Southey. 

Tanglewood Tales. Sawthorru. 

CKQllver's Voyage to Lllllpnt Swift. 

The Pilgrim's Progress. Bwn^an. 

The Bible in Spain. Borrow, 

The Natural mstory of Selbome. 

Gilbert White, 

The Naturalist on the Amaions. Bate*. 

Arnold's English Literature 

Series. Standard works, shortened by 
omissions to the limits of a Reading 
Book. Illustrated. Price Is. 6d. each. 

Harold. Edited by Sir J. H. Toxall. 

DaTld Copperileld. Sir J. H. Yoxall. 

Old Onrlosity Shop. Sir J. H. Tozalu' 

Dombey and Son. Sir J. K. Toxall. 

Pickwick. Edited by B. A. Arnold. 

A Tale of Two Cities. J. Conmolly. 

lyanhoe. 0. F. A. Wimberlkt. 

Westward Hoi Edited by Edith Thomfsom. 

The Ololster and the Hearth. Edited by 
J. Connolly. 

Loma Doone. Edited by B. A. Abnold. 

Hereward the Wake. W. B. Candy. 

First Friends in Literature. £ach 

160 pages. Illustrated. Price Is. each. 
A Christmas OaroL By Chas. Dickrns. 
Parables from Nature. By Mrs. OArrY. 
Robinson Crusoe. By Daniel Daro& 
The Arabian Nights. 
The Talisman. By Sir Waltbb Scott. 
Tom Brown's Sohool-Days. By Thomas 

HUQHXS. 

Steps to Literature. A Graduated 
Series of Beading Books for Preparatory 
Sohools and Lower Form Pupils. Seven 
hooka, prices lOd. to la. 6d. With beauti- 
ful niuatrations, many of them being 
reproduotiona of Old Mastcoa. 

Dramatie Scenes from Litera- 
ture. By Fanny Johnson, formerly 
Headmistreas of the Qirla' High School. 
Bolton. Blustratod. Is. 6d. 

In Golden Realms. An English 

Reading Book for Junior Forma. 224 
pagea. Finely Illustrated, la. Sd. 



> 

¥ 



LONDON : EDWARD ARNOLD. 41 k 48 MADDOX STREET. W. 

( I ) 



Arnold's School Series. 



ENGLISH. 

The Tree of Empire. A Bewiiiig 

Book lor Utddla Foimi. IM pp. "'— 

In the World of Books. 

EugUdi KhmUdr Book Cor Mlddlo f 
aSApagM. FinelT llliutnUd. 1*. . . 

The cTreenwood Tree, a Book ot 

N«tun Hytha ud VanoL 114 FUgK 
FiDel; niuatntad. la M. 

Chlpsfrom a Bookshelf- ABead- 

iDK Book lor Junior Fonni. Edited by 
B. B. Bbowbe, H.A. FUwlf Illuitntad. 
l(.8d. 

Batnbles In Bookland. An Eng- 

Uidi RwdDw Book for Junior fam*. 
KdlUdbTO. E. Btlb. B.A. nipaas*. 



I, Fuagnln 

Pfifc^Tig to luHtorloal 
fulIrliliutntHL 1 



lU. Bwitl- 
BlCEABS 



Laureata. Edited by 

WujM, B.A. la. M. 

Tellers of Tales. 

BlOEiIKD VlUOH, BJi. 

iL Ad. Blognpblaa of no 
Norallit*, wlUi KiUuIl 

Hlstorlea.1 Tales from Shake- 
apMn. fly sir a. t. ooiLLra-coooH. 

T^w BdlUon, beauUloSy miutnted. 



Poets' Comer, Sslected Vsnaafor 
Tonng Ohlldrii. la. 

Selections from Matthew 
Anmlit'i roemt. Edited by Rtobibd 



at UiB (Hty of 

A Short History of Enarlish 



Llngna Matema. Bj Eiohakd 

#IUOB,B.A. la.«d. 

Arnold's Shilling Ensrllsb Com- 
position, By B. J. KxHST. la. 
Exercises In Composition. In 

TlinaFarta. ByB.J.^DiBi. Pi:iM4d. 

A First Course In English Liter- 
atim. Bt RioBiHD WuMia, B.A. 144 

A First Course In Eofrllsh Analj- 



A First Prfiels Book. Bt g. a. 

p. M CuTwur, U A., Aaalatut Haater 

at Botby School, ^td. 
Precis Writing (Fint Sanea). Bj 

B.A. BauuEB. lonnatlyAiaiataut traikr 

■t OUftoD OoUaga. 3* Sd. 
Ta«(ibai* 0(^, with Key, la. M. sat. 
Pr«el8 Wrlttngr (Seoond Serin). 

By B. A. BlLOBU. An AltamatlTa Ool- 

Isotlan of Buavlaaa imiforvi wll^ tlie 

FlnCB«l«L fa.«d. 
TaMhen' Copy, wlHi Kay. la. <d. sat 

HISTORY AND GEOGRAPHY. 

A History of England. Bt 0. 

W. Outs, X.A., Gliichele Fnlauar ol 
Uodem HIatory In tha I7iilTai«ltj ol 
Oxford. TMpagea. Da. Alas 

In Two Farb, ta. «oh : Part I., to 
ItW; Fart IL, train 1S09 to IMl. 

In Thrta Dl>ialona; DiTlalim I., ta mr, 
k.; DlrUoo IL, 1907 b> ItM,^: Di?i- 
don III., IKt to IWl, it. M. 



u,. ^a W. OHUf,lLA.,wttlilbiia 

idAppandloea RcvlaedBdltliBi. Ba.Mr 

The Last Century In Eorope. 

ISIV-IBIB. ByC B.ll.HAnwwoHn, 
U.A., Aaalalaiai Maater at ttntby BahooL 



Junior History of Envland. 

Fn>m the Earlieat ^Inu* to tluS«Ltli g( 
Queen Vlctnla. By C. W. 0iu>, H.A., 
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Arnold's Shilling History. By 

0. B. IC. Hawkmwoktb, M.A., Airintmt 
llMttr ftt Bughj Bcliool. It. 

A Synopsis of English History. 

Bj OM,BABrwoGD, HMdnuMiter of KelTia 
QroTe CSouneil School, Qatoahead. 3b. 

Seven Roman Statesmen. lUns- 

tnttod. By 0. W. Oicav, M.A. te. 

Greek Lives flram Plutarch. 

Traxulated by a 1. Btlss, B.A. With 
lUuctratlons and Maps. Is. Od. 

English History for Boys and 

Olrls. By B. S. maa, Withnumeroui 
Illuatntloiia. 2a. 6d. 

Dramatie Scenes from History. 

By Fahnt Johhson, formerlv Head- 
miatreaa of the Bolton Girls' High SohodL 
niustmted. Is. 6d. 

Builders of History. A uniqae 

mtIm aiming at illustnting the history 
^ d our country by means of biographies 

ci aome of her most famous men. Six 
niualrated. 8d. each. 



Men and Movements in Euro- 

PMn Hittory. Illustnted. U, 6d. 

Seenesf^om European History. 

By Q. B. Smith, M.A., Assistant 
Master at the Boyal Naval College, 
Osborne. Ss. 6d. 

Gateways to History. A Series 

of Hiatorloal Reading Books. Illastrated 

with Benroductiona of Famous Pictures. 
Book L Heroes of the Homeland. lOd. 
BoekIL Heroes of Many Lands, la. 
Book m. Men of Bngland. U. 8d. 
Book ma. Men ef Britain. l8.6d. 
Boek IV. Wardens of Bmpire. Is. 6d. 
Boek V. Britain as a European Country. 

I8.fld. 
BookYL The Pageant of the Empiree. 

ls.ed. 

Lessons in Old Testament His- 
tory. By the Venerable A. S. Aqlbv, 
Archdeacon of St. Andrews. 4a, <kL 

Old Testament History. By the 

Tory Rev. T. C. Fry, Dean of Lincoln. 
aB.«d. 

Arnold's Home and Abroad 

Atlas. Containing M full-page (ll^x 
f ina.) Maps, printed in colour. 8d. net. 



The London School Atlas. 

Edited by the htte Right Hon. H. O. 
AiuroLD-FoRSTBB, M.P. A magnificent 
Atlas, including 48 pages of Coloured 
Maps. The sise of the Atlas is about IS 
by 9 inches, and it is issued at prices 
ranging from Is. Ad. to 8s. 6d. New and 
BoTised Edition, with Index. 

Outlines of Physiography. By 

Aironaw J. HuautnON, m.A., Ph.D., 
F.R.O.8., Professor of Oeography at the 
Univeraity of Oxford. 4s. 6d. 

Arnold's New Shilling Geog- 
raphy. The World, with special refer- 
ence to the British Empire. Is. 

The World's Great Powers— 

PrOMnt and Past. Britain, Frimce, 
Germany, Austria • Hungary, Italy, 
Russia, The United States, and Japan. 
Beautifully lUustrated. Is. 6d. 

The World's Trade and Traders. 

Beautifully lUustrated. Is. dd. 

Arnold's Geographical Hand- 

bookl. A Series of^Manuals proriding 
accurate and clearly •arranged summaries 
of Qeographlcal iniormation. 8d. each; 
clotih,6d. 

MATHEMATICS AND 

SCIENCE. 

Arnold's Shilling Arithmetic. 

By J.P. KiRKiCAV, MJL.and J. T. Littlb, 
M.A., Assistant Masters at Bedford 
Grammar SehooL Is. 

An Arithmetie for Sehools. 

By J. P. KiBKMAV, M.A., and A. B. 
FiBLD, M.A., Assistant Masters at Bed- 
ford Grammar SchooL Ss. Od. 

Five Thousand Arithmetical 

Bzamplec By R. W. E. Edwards, 
M. A., Lecturer on Mathematica at King's 
College, London. With or without 
Answers, 8s. fid.; Answers separately, Is. 

Exercises in Arithmetie (Oral 

and Written). Parts L, II., and III. 
By C. M. Tatlob (Mathematieal Tripoe, 
CambridgeX Wimbledon High SchooL 
Is. 6d. each. (With or witl^out Answers.) 

The Elements of Algebra. By 

R. LAOHI.AN, Sc.D. With or without 
Answers, Ss. Od. Answers separately, Is. 

Elementary Algebra, a Course 

for Schools. By W. D. Eooab, M.A., 
Assistant Master at Eton Ck>llege. 8s. M 
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MATHEMATICS AND 
SCIENCE (continued). 

Algebraic Examples. By A. F. 

▼AH DBR HsTDor, If .A., ll&thenuktical 
Master at the Mlddlaabroiwh High 
School. In Two Books. Without Anawon, 
la. : with Anawen, la. Sd. each. 

Aleebra for Beginners. ByJ. K. 

WiLKma, B. A, and W. Holunobwobth, 
B.A. In Three Parte. Part I., 4d. ; Part 
II., 4d. ; Part III., 6d. Anawen to Parte 
I. -III., in one vol., 6d. 

The Elements of Geometry. By 

R. Lachlan, So.D., and W. 0. Flitohxb, 
M.A. With about 760 Bzerdaea and 
Anawera. Sa. 6d. 

Elementary Geometry. By W. 0. 

Flctcbsr,1C.A. la. 6d. 

A First Geometry Book. ByJ.G. 

Hamiltoh, B.A., and F Krtub, B.A. la. 

A Second Geometry Book. By 

J. O. Hamiltun, B.A., and F. Kktls, 
B.A. With or without Anawera, Sa. 6d. 

Elementary Solid Geometry. 

By F. 8. Cabit, M.A.,. Profeaaor of 
Hatbematica in the UnlTeraitj of LiTer- 
pool. 2a. 6d. 

Elementary Solid Geometry. 

By W. H. Jaoksov, MLA., late Aaaiatant 
Lecturer in Hathematica in the Uid- 
Tendty of Mancheeter. Sa. 6d. 

Projeetive Geometry. By Dr. 

L. N. G. FiLOM, Bxaminer In Mathematioa 
to the Unireraitj of London. Ta. 6d. 

Geometrical Conies. By G. w. 

Cavmt, H.A^ Lecturer in Mathematica, 
Armatronff College, Newcaatle-on-1^e, 
and 0. M. Jusop, MJL, Profeaaor of 
Hathematica, Armatrong Oollege, Mew* 
caatle-on.Tyne. 28. 0d. 

Test Papers in Elementary 

UathematiOS. By A, Clbmbht Jokbb, 
H. A., Ph.D., and 0. H. Blomukld, ILA.. 
B.8c., Mathematical Maatera at Bcadford 
Orammar School. 250 pagea. Without 
Anawera, 28. 6d.< wlui Anawera, 8a. 
Anawen aeparately, la. 

Veetors and Rotors. With Appli- 

eatlona. By Profeaaor O. Hnnuci, 
F.R.S. Edited by U. 0. Tuknxr, Gold- 
amitha' College. 48. 6d. 



A Note-Book of Experimental 

llathtmatiei. By c. Godibxt, m.a.. 

Headmaater of the Royal Naval CoDego, 
Oabome, and G. M. Bcll, B.A., Senior 
Hathematioal Maater, Winchester Col. 
l^fa. Foap. 4to., paper boarda, 2a. 

An Elementary Treatise on 
Fraotioaa llatliematlcs. By Joh» 

Obabax, B.A. 8a. 6d. 

Preliminary Practical Mathe- 
maties. ^ s. G. Starlino. a.r.c.So., 

and F. C. Clabkb, A.B.C.BC., KS& 
U.«d. 

Praetieai Mathematies. ByF. 0. 

Clabxx,B.8c. 8a. «d. 

An Introduction to Elementary 

statics (treated OraikhieaUy). By 

R. NnraLL, M.A., Aaaiatant Master, 
Royal Naval Collage, Oabome. Fcap. 
4to., paper boarda, m. 

Graphs and Imaginaries. By 

J G. Hamiltoh, B.A., and F. Kbttx^ 
B.A. la. «d. 

The Principles of Heehanism. 

By H. A. GARaAR, A.]i.I.O.I&. 8a. «d. 

Workshop Science. By R. j. 

Brown, If.Sc., Principal of Stockport 
Municipal Technical SehooL la. Od. 

Practical Trigonometry. By H. 

0. PLATirc, M.A., Headmaater of Ban- 
oroft'a School, and R. C Fawdrt. M.A., 
Aaaiatant Maater at CUfton College. 
2a. M. 

The Elements of Trijronometry. 

By B. LACHX.AN, 8e.D., and W. C 
Flstohrr, M.A. 2a. 

Mathematical Drawing. By Prof. 

G. M. MiNOBiN and J. B. Dalr, Aaaia- 
tant Profeaaor of Mathematiea at King'a 
CoUsge, London. Ta. Sd. 

Mechanics. A Oourse for 8ohool8. 
By W. D. Bgoar, M.A., Bton College. 
8s. 6d. 

Electricity and Miunietism. By 

C. E. AsRPORD, M.A., Headmaater of the 
Royal Naval College, Dartmouth. New 
and Revlaed Edition. 8a. 6d. 

Magnetism and Electricity. By 

J. Palrt Yorkx. 8a. «d. 

Elementary Mechanics of Solids 

and FluidB. By A. Clrmkiit Jorxb. 
M.A., Ph.D., and C. H. Blomiirld, 
M. A., 6.8c. 48. 6d. 



LONDON : EDWABD ABNOLD, 41 & 43 MADDOX 8TBEET, W. 

( 4 ) 



Arnold's School Series. 



Applied Meehanies for Engin- 
eers and Engineering Btndents. By 

John Obaham, B.A«, B.E., Demonstrator 
and LMturer on Applied If athematlcs in 
the City and Guilds of London Institute's 
Teehnioal College, Finsburv. Ss. net 

Notes on Applied Meehanies. 

By R. H. Whapbam, M.A.| B.Sc, R.N., 
Naval Instructor, H.M.8. Ownberland: 
and G. Pbsbob, B.N., Engineer-Lieu- 
tenant. 160 Diagrams. 4s. 6d. net 

First Steps in the Caleulus. By 

A. F. Van dbr Hktdkm, M.A., Mathe- 
matical Master at Middlesbrough High 
Schocd. 8s. 

Homosreneous Co-ordinates for 

Use m OoUeges and Bcbools. By w. 
p. MiLKB, H*A., D.Sa, Mathematical 
Master, Clifton College, BristoL 5b. net 

Advaneed Examples in Physies. 

By A. O. Allen, M.A., B.Sc., A. ttCSc. 
Lond., Assistant Lecturer in Fhysics at 
Leeds University. Is. 6d. 

Practical Physies. By Professor 

B. H. Barton and T. P. Black. 8s. 6d. 

Practical Physics. By J. Talbot, 

M.A., B.S&, Head Master of the Royal 
Grammar School, Newcastle-on-Tyne. 2e, 

A Text-Book of Physics. By Dr. 

R. A. Lkhfcldt. 68. 
Light, By W. H. Topham. Head of 
Army Glass, Repton School. 2s. 6d. 

The Elements of Inorganic 

Chemistry. For use in Schools and 
Colleges. By W. A. Shknsto.vs, F.R.S. 
RoTised and partly rewritten by R. G. 
DUR&AIIT, M.A. 6s. 

A Course of Practical Chemistry. 

By W. A. Shbmstone. Is. 6d. 

Outlines of Experimental Chem- 
istry. By Erkkst Bowmav Ludlam, 
D.Se. Liverpool, F.C.S., Head of Chem- 
ical Department, Clifton GollM;e ; and 
Hatdii Pbcston, A.R.O.S0. (London), 
Clifton CoUege. Cloth. 28. 

Outlines of Inorganic Chemis- 
try. By E. B. LuDi^M, D.Sc. 48. 6d. 

Inorganie Chemistry for 

Schools. By W. M. HoOTOSi, M.A., 
M.Sc., Chief Chemlstxy Master at Repton 
BchooL 8s. 6d. 

Exercises on Chemical Calcula- 
tion. By H. F. CowAiiD, D.Bc, and W. 
H. PxRUSS, M.Sc. 2s. Od. net 

A First Year's Course of Experi- 
mental Work in Chemistry. By 

E. H. Cook, D.Sc, Principal of the 
Clifton Laboratory, BristoL Is. 0d. 



I A Text-Book of Physical Chem- 
istry. By Dr. R. A. Lehteldt. 7a. 6d. 

Physical Chemistry for Begin- 
ners. By Dr. Vam DBVuma. Trans- 
lated by Dr. B. A. LcHrsLDT. 28. 6d. 

The Standard Course of Elemen- 
tary Chemistry. By E. J. Cox, F.ca 
Parte L-IV., 70. each; Part v., Is. 
The complete work, 8s. ' 

First Steps in Quantitative 

Analysis. By J. C. Grboort, B.Sc., 
A.L0. 28. 0d. 

Oblique and Isometric Projee- 

tlon. By J. Watson. 4ta, Ss. 6d. 

Physiology for Beginners. By 

Lkonard Hill, M.B. Is. 

Elementary Physiology for 
Teachers and others. By w. b. 

DBUMMOMn, M.B., Lecturer on Hygiene 
to the Bdinborgh ProYindal Committee 
for Training Teachers. 3s. 6d. 

Hygiene for Teachers. BylLALUN 

Rowlands, B.80., L.R.G.P. 8s. 0d. net 

A Text-Book of Zoology. By 

G. P. MuDOB, A.R.G.8C. Loud., Lectmwr 
on Biology at the London Hospital 
Medical OollQffe. 7s. 6d. 

A Class-Book of Botany. By 

G. P. M^ODSE, A.R.G.SC., and A. J. 
Maslbn, F.L.S. 7s. 6d. 

Elementary Botany. By E. Drab- 
ble, D.Sc^^ Lecturer in Botany at the 
Nonhem Polytechnic Institute. Ss. 6d. 

Psychology for Teachers. By c. 

Lloyd Morgan, F.R.S., Professor of Psy- 
chologyattheUniversitv of BristoL 4i.<kL 

The Laws of Health. By Datid 

Nabarbo, M.D., E Sc., Assistant Pro- 
fessor of Pathology and Morbid Anatomy 
at CnWersity College, London, la. 6d. 

Experimental Pedagochr, and 

ihe Psychology of the Child. By 
Dr. Ed. Clapabbdb, Professor of Ex- 
perimental Psychology, University of 
GencTa. Tranuated by M. Louoa and 
H. HoLMAN. 5s. net. 

COMMERCIAL PRACTICE. 

English 'Touch* Typewriting 

Exercises. By Miss &. V. Moobb. 
Assistant Mistress at the High Schou 
for Girls, Manchester. Crown 4to., Ss. fld. 

A First Book on the Principles 

of Aoconnts. By Miss K. V. Moobb. Is. 

Elements of Bookkeeping. By 

M. Webstbk Jbnkinson, Cnartered Ao- 
countant. Is. 6d. 
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GERMAN. 
Easy German Texts. For pupils 

who have acquired a simple TOoaouLiry 
and the elements of German. Under 
the General Bditorship of Walteb Bipp- 
MANK, M.A., Professor of German at 
Queen's (College, London. With exercises 
on the text. Is. 3d. each. 

Anaenen's BUderbnoh ohne Bilder(What 
the Moon Saw). 

Prlnzouln Use. By Maris Pxtsbssn. 

Der Topfer ▼on Kandem. By H. Vil- 

LINOBR. 

Die Flat del Lohena. By Aoou Stsbn. 

Herr Peter Squenz. By Andreas 

Qbtphics. Edited by Sydnbt H. Moobe. 
2s. 

Der Backflsehkasten. By Fedor 

▼ON ZoBCLTiTz. Edited, with Notes and 
Vocabulary, by Gusta^ Hsin. Authorised 
Edition. 2s. 

Arnold's Modern German 

Ooune. By F. W. Wilson, Ph.D., Assis- 
tfloit Master at Clifton College. 8s. 6d. 

Free Composition in German. 

By P. W. Wilson, Ph.D., Assistant 
Master at Clifton College. Is. 6d. 

A First German Reader. With 

Questions for Conversation, Grammatical 
Exercises, Vocabulary, etc. Edited by 
D. L. Savobt, M.A. Is. (kL 

German Without Tears. By 

Lady Bill. A version in German of 
' French Without Tears.' With Illustra- 
Uons. Part L, fld. ; Part IL, Is. ; 
Part III., Is. 3d. 

Lessons in German. A Graduated 

German Course, with Exercises and 
Vocabulary, by L. Iknks Lumsdbn. Ss. 

Kleines Haustheater. Fifteen 

little Plays in German for Children. 
By Xiady Bell. 2s. 

Vier Kleine Lustspiele fiir die 

Jugend. By Kate Wbbsb. Is. dd. 

German Dramatic Scenes. By 

C. A. MUBGBAVK. 2s. 6d. 

FRENCH. 
Arnold's Modern French Books, 

I. and II. Edited by H. L. Huttun, 
M.A., Senior Modern Languages Master 
at Merchant Taylors' School. Book I., 
Is. 6d. ; Book IL, 2s. 



Elementsof French Composition. 

By J. Horn Camebon, M.A., Lecturer in 
French in University Goll^e, Toronto, 
Canada, viii+196 pages. 2s. 6d. 

Arnold's Lectures Fran^aises. 

Four Vols. Books I. and II. edited and 
arranged by Jbtfa S. Wolff. Books 
III. and IV. edited and amuiged by 
M. A. Gibothwohl, Litt.D. Illustrated 
with Reproductions of Paintings by 
French artists. Book I., Is. 8d. : Books 
IL, HL, IV., Is. 6d. each. 

Grammaire Francaise. A r Usage 

desAnglala. Par B. Renault, Officier 
d'Acaddmie, Assistant Lectiu^ at the 
University of LiverpooL vlii+MO pages. 
4s. 6d. 

Petite Grammaire Francaise. 

Par B. Renault. Is. 6d. 

Le Fran^ais Chez-luL A French 

Reader on Reform Lines, with Exercises 
on Grammar for Middle and Junior 
Forms. B7 W. H. Hodoes, M.A., and 
P. Powell, M.A Is. 3d. 

MorceaUX ChoisiS. French Prose 
Extracts. Edited by R. L. A Du 
PoMTST, M.A., Assistant Master in Win- 
chester College. Is. 6d. 

Po^mes ChoisiS. Selected and 
Edited by R. L. A. Du Pontbt, M.A- 
Is. 6d. 

HISS JETTA 8. WOLFF'S BOOKS. 

Les Fran^ais en Manage. With 

Illustrations. Is. 6d. 

LesFranQaisenVoyagre. Cleverly 

Illustrated. Is. 6d. 

Fran^ais pour les Tout Petits. 

Illustrated, is. 3d. 

Les Fran9ais d' Autrefois, is. 3d. 

Les Franpais du Dix-huiti^me 

Siecle. Is. 8d. 

Les Franpais d'Aigourd'hui. 

Illustrated. Is. 6d. 

The Alphonse Daudet Reading 

Book. R^cit biographique et Extralts 
de ses CEuvres. ' s. 6a. 
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French Without Tears. By 

Lady Bnx. Book L, Od. ; Book II., 
l8. ; Book III,, l8. 8d. 

Seines Infantines. By kite 

Weber. With Vocabulary. Is. 8d. 

Graduated French Unseens. 

Bdited by Professor Viotob Ogzb. In 
four parts. 8d. each. 

French Dramatic Scenes. By 0. 

Abel Mdsorate. With Notes ana Vo- 
cabnlary. 2s. 

Arnold's French Texts. An 

entirely new series of texts, graduated 
in difficully, wit^ notes and vocabulary. 
General BcUtor: ICauriob A. Okboth- 
woBL, littD. Limp doth, fid. each. 

Le For9at on k tout P^dhtf Mis^rioorde. 

By Madame de SjiQUR. 
AvantareBdsTOmPoiioe. ByP.J. Stahl. 
L'Hiitolre de la Uhre Miohel et de son 

Ghat. By Comte E. de la Bbdolli&re. 
Oribonille. By Qborgs Band. 
Lanrette on LeOaohet rouge. ByAuiiED 

DE ViONT. 

La Sonrii Uanohe et Let Petitf Sonlien. 

By HtoiaiFPE Moreau. 
La vie de Polltildnello et sea Nombreniee 

ATentnies. By Ootatb Feuillet. 
Ortspln rival de son Mattre. Comedy in 

one act. By Lb Saoe. 
Le Bon P^. Comedy in one act. By 

Florian. 
Montienr Tringle. By CHAXprLEURT. 
Aventures dn Chevalier de Orammont. 

Br GheTalier D'Hamiltoh. 
Hiitolre d'nn Pointer tfooisaiB. By 

Alezabdre DiTMAS pte^e. 
DenxHerolneidelaBevolntlon. Madame 

Roland and Charlotte Corday. By Jules 

Miohblet. 
Trafalgar. By Jobbph M^rt. 48 w^ 
Harie Antoinette. By Edmond ana Jitlbs 

DE GOBOOVRT. 

Meroadet. By H. de BALZAa 

Simple French Stories. Easy 

texts, with Notes and Vocabulary. Limp 
Gloth,Od. each. 

Un Drame dans let Airs. By Jules 

Vbrbe. 
Pif-Paf. 1^ Edouard Laboulate. 
La Petite Soorls Grlse ; and Histoire de 

Rosette. By Madame de SAour. 



Simple French Stories («m«mi^. 

Ponoinet, and two othertales. ByBnouARD 
Laboulaye. 

Un Anniversaire k Londres, and two 
other stories. By P. J. Stahl. 

Monsienr le Vent et Madame la Plnle. 
By Paul de Mubsbt. 

La F^ Grlgnotte. By Madame De Girar- 
DIM. And La Cnlsine an Salon. From 
Le Tb^tre de Jeunesse. 

Gil Bias in the Den Of Thieves. Arranged 
from Lb Saoe. With Notes and Vocabu- 
lary by B. DE Blakchaud, B.A. 



L Apprenti. By Emile Souybstre. 

Ecuted by G. F. Herdener, Professor of 
Modem Languages, Durham University. 
Is. 

Richard Whittington. By Madame 
BuGEMiE FoA. And On Conte de I'Abbtf 
de Saint-Pierre. By Bmilb Souvbbtrb. 
Edited by C. F. Herdehbr. Is. 

M^moires d'un Ane. By Madame 
DEStoUR. Bdited by LuctB. Farrbr. Is. 

Lamartine's Manuscrit de ma 

Mere. Edited by Lucr E. Farrbr. Is. 

Les deux Prisonniers. By 

W. H. 



Bodolphe TOpftbr. 
HODQES, M.A, Is. 



Edited by 



Contes de F^es. ParMme. Lepbincx 
DB Beaumont. Edited by T. Keen, M. A., 
the High School, Glasgow. Is. 

ARNOLD'S ADVANCED 
FRENCH SERiES. 

Introduction, Historical Notes, and a few 
Exercises. Is. 6d. each. 

De TAngleterre. Par Madame Dx 
StaJU^ edited by W. G. Hartoo, B.A., 
Leoturar in French at University College, 
London. 

Causeries du Lundi. Par Saints- 

Beuvb, edited by A. W. Tresslbr, M.A., 
Assistant Master at Charterhouse. 

Le Coup d*£tat. Par Victor Hugo. 

Edited by J. W. LoNOSDoy, M.A. An 
abridgment of that magnificent piece of 
inveciive, NapoUen le Petit, 
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SPANISH. 

A First Spanish Book. By H. J. 

Ghattor, M.A., Headmaster of p![yinouth 
College. 28. 6a. 

English-Spanish and Spanish- 

lgTi g \l»1 tT i Dictionary. Commercial and 
Tecnnical. ByA. M.A.Bmalx. 656pa«e8. 
Fcap. 8to. 48. 6d. net. 

LATIN AND OREEK. 
Arnold's Latin Texts. Each volume 

oonaista of a short Introduction, Text, 
and Vocabulary. 64 pages. 8d. each. 

Omtaa in Britain. 

Cloaro.— In Gatilinam, I. and II. 

doero.— Pro Archia. 

Comeliuf NepoB.— Select Lives. 

Horaoe.—Odes, Book I. 

Ltvy.— Selections. 

Ovid.— 43elQOtion8. 

Ovid in Exile. — Seleotloni from the 

'Tristia.' 
Plisdnu.— Select Fablei . 
Tlbnllos. —Selections. 
Yergll.— Select Edognes. 
Yeiill.— Selections nrom the Qeorglos. 

Selections from Ovid's 'Meta- 
morphoses.' By H. A. Jackson, M.A., 
Assistant Master at Winchester Qollege. 
Is. 6d. 

Selections from Ovid's ' Heroi- 

des.' By L. W. P. Lewis. M.A., and C. 
H. Broadbbnt, B.A., Braaford Grammar 
BchooL 2s. 

Cieero.— Select Letters and Ex- 
tracts. For Junior Forms. By A. R. 
GomciKO, M.A., Dollar Institute, N.B. 
With Vocabulary, 2s. 6d. ; without Vocab- 
ulary, 2s. 

Virgil.— -ffineid. Books I., II., and 
III. Edited, with Introduction and 
Notes, by M. T. Tatham, M.A. Is. 6d. 
each. 

Cfldsar's Gallic War. Books I. and 

II. Bdited by T. W. Haddon, M.A., and 
O. G. Harrison, M.A. Is. 6d. - 

Books III.-V. Bdited for the use of 
Schools by M.T.Tatbax, M.A. Uniform 
with Books I. and II. Is. 6d. 

Books VI. and VIL By M. T. Tatham. 
M.A. Uniform with Books IIL-V. ls.6d. 



Livy. Book XXVI. Edited by E.M. 
HxMRT, M.A. 2s. Cd. 

Mirabilia. Bv 0. D. Olive, H.A. 

A collection ox modem stories in Latin. 
With or without yooabulary. Is. 6d. 

The Fables of Orbilius. By A. D. 

OoDLBT, M.A.^ellow of Magdiioen Col- 
lege, Oxford. With Illustrations. Book 
I, 9d. ; Book II., Is. 

Arnold's New ^Latin Course. 

By B. M. Allardycb, M.A., the High 
School of Glasgow. Part -I., Is. 6d. ; 
Part IL, 2s. 6d. 

Easy Latin Prose. By "W. H. 

Spraogr, M.A., Assistant Master at the 
City of London School. Is. 6d. 

Latin Exercises on Latin Models. 

By A. G. P. LuMM, Headmistress of 
Brighton and Hoye High School. Is. 

Latin Prose Composition. By W. J. 

Hardib, M. a., Professor of Humanity in 
the University of Edinbui^h. Complete, 
4s. 6d. ; or in Two Parts, 2s. 6d. each. 

P^incipiorum Liber. By B. J. 

Gholmelrt, BA. With Notes and Vo- 
cabulary. 174 pages. 2s. 6d. 

By W. F. WiTTON, M. A, Classical Master at 
St. Olave's Grammar SchooL 

Compendium Latinum. 28. 6d. 
Simplified Qaesar. is. 6d. 
Dies Romani. is. 6d. 
Simplified Ovid. is. 6d. 

By G. B. Gardiner, M.A, D.Sc., and 
A. Gardiner, M.A. 

A First Latin Course. 2s. 

A Second Latin Reader, is. 6d. 

A Latin Translation Primer, is. 



The Beginner's Book in Greek. 

By D. H. Marshall. Is. 6d. 

Selections ftom Homer. By W. 

Brnnix, M.A., Lecturer in Greek at the 
University of Glasgow. 2b. Od. 
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